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in a single chain proRIP inactive form that can be converted into an active form by cleavage with proteases. 
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Ribosome-inactivating proteins (RIPs) are plant proteins that are capable of catalytically inactivating 
ukaryotic ribosomes and are consequently xtremely potent inhibitors of eukaryotic protein synthesis. RIPs 
have been divided into two classes: type 1 and type 2 RIPs (see Barbieri and Stirpe (1982), Cancer 
Surveys , 1:489-520). There is significant amino acid sequence homology between members of both type 1 

5 and type 2 RIPs, and with the bacterial Shiga and Shiga-like toxins which also have the same mechanism of 
action (see Hovde et al, (1988), Proc. Natl. Acad. Sci. USA . 85:2568-2572). 

Type 2 RIPs consist of two polypeptides: an RIP (or A-chain) which is covalently attached via a disulfide 
bond to a lectin-like protein (or B-chain) with an affinity for cell surface carbohydrates. The B-chain binds to 
the cell surface and facilitates subsequent cellular internalization of the RIP A-chain moiety, which results in 

10 rapid in activation of protein synthesis and cell death. Type 2 RIPs are therefore extremely potent cytotoxins 
and animal poisons, the best studied example of which is ricin. 

In contrast type 1 RIPs, characterized to date, consist of a single polypeptide chain equivalent in activity 
to that of A-chain RIPs but lacking a covalently attached B-chain. Consequently, they are scarcely toxic to 
intact cells but retain their extreme potency against cell-free protein translation systems. Typical concentra- 

75 tions that inhibit cell-free protein translation by 50 percent (ICso) are 0.5 to 10 ng/ml (0.16 to 33 pM). Until 
the discoveries detailed hereinbelow, reported type 1 RIPs were a remarkably homogeneous class of basic 
proteins with Mr values of about 30,000. Type 1 RIPs are found in a great variety of dicot and monocot 
plants and they may be ubiquitous. They are often abundant proteins in seeds, roots or latex for example. 
Their in vivo function is unclear but it has been proposed that they may be antiviral agents (see Stevens et 

20 al. (1981), Experientia. 37:257-259) or antifungal agents (see Roberts and Seltrennikkoff (1986), Bioscience 
Reports . 6:19-29). 

To date, one article has discussed the presence of an inhibitor of animal cell-free protein synthesis in 
maize, as well as other cereal crops (see Coleman and Roberts (1982), Biochimica et Biophysica Acta, 
696:239-244). The preparation of the maize inhibitor was via ammonium sulfate precipitation and 

25 phosphocellulose column chromatography. It is generally believed that the inhibitor isolated from maize was 
pure. The reported molecular weight of the inhibitor was 23 kiloDaltons (kD), with a reported ICso of 50 to 
1 00 ng/ml in an ascites cell-free protein synthesis assay. 

Where the effect of RIPs on ribosomes has been examined, both type 1 and type 2 RIPs possess a 
unique and highly specific N-glycosidase activity which cleaves the glycosidic bond of adenine 4324 of the 

30 rat liver ribosomal 28S RNA (see Endo (1988), ln:lmmunotoxins, (ed.) Frankel). 

Commercial interest in RIPs has primarily focused on their use in construction of therapeutic toxins 
targeted to specific cells such as tumor ceils by attachment of a targeting polypeptide, most frequently a 
monoclonal antibody (see Immunotoxins (1988), supra). This mimics the binding functionality of the B-chain 
of type 2 RIPs but replaces their non-specific action with a highly selective ligand. Another recent potential 

35 use is in HIV therapy (see U.S. Patent 4,869,903 to Lifson et al., (Genelabs Incorporated and The Regents 
of the University of California)). 

However, while a maize-derived protein synthesis inhibitor, like protein synthesis inhibitors from other 
Panicoideae would appear to be useful for construction of cytotoxic conjugates, no artisan to date has 
reported to have successfully used a Panicoideae RIP. This is somewhat surprising in view of the success 

40 achieved with RIPs from non-Panicoideae plants, including cereals such as barley (see Lambert ef a/. - 
(1988), ln: lmmunotoxins „ supra). In part, the lack of success to date by skilled artisans in successfully 
utilizing the maize RIP described by Coleman and Roberts may be attributed to the fact that the protein 
synthesis inhibitor was relatively uncharacterized. 

There is interest in expressing recombinant RIP in commonly employed host eukaryotic cells, because 

45 of the capacity to provide correct post-translational processing. However, as RIPs effectively inhibit protein 
synthesis in eukaryotic cells, a predictable problem is that heterologous expression of an RIP will result in 
host cell death. Thus, eukaryotic cells are generally not used as recombinant host cells. Although eukaryotic 
cells may be used in certain circumstances, the RIP must be constructed so as to be secreted prior to the 
cell experiencing toxicity (see EP 0 335 476 to Gelfand et al. (Cetus Corp.)). Therefore, prokaryotic host 

50 cells are generally used as hosts, notwithstanding disadvantages such as the inability to glycosylate and 
properly fold heterologously expressed proteins. 

It is thus an object of the invention to provide a method of preparing inactive forms of RIPs, in which an 
inactive RIP may be xpress d by ukaryotic host cells and then converted to an activ form. 

It is yet another object of the invention to provide the DNA sequence of the gene encoding at least one 

55 inactive form of RIP, as well as expr ssion vehicles, host cells and cell cultur s containing such DNA 
sequence. 

Other objects and advantages of the present invention will become apparent from the teachings 
presented hereinafter. 
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It is to these objects to which the pres nt invention is directed. 

In a first aspect, the pres nt invention is dir cted to a homogeneous protein, termed a proRIP. wherein 
th protein is incapable of substantially inactivating eukaryotic rilx)somes. but which can be converted into a 
protein, termed an afi RIP, that is capable of substantially inactivating eukaryotic ribosomes, said proRIP 
5 having a removable, internal peptide linker sequence. 

In a second aspect, the present invention is directed to a homogeneous protein derived from 
Panicoideae, termed a proRIP. wherein the proRIP has a removable, internal peptide linker sequence and 
is incapable of substantially inactivating eukaryotic ribosomes, but which upon removal of the linker can be 
converted into a protein having a and ^ fragments, termed an RIP. that is capable of substantially 
w inactivating eukaryotic ribosomes. 

In a third aspect, the present invention is directed to a homogeneous protein derived from Panicoideae, 
termed an afi RIP. that is capable of substantially inactivating eukaryotic ribosomes, wherein the RIP has a 
and ^ fragments. 

In a fourth aspect, the present invention is directed to a homogeneous protein derived from maize, 
15 tenmed a proRIP, wherein the proRIP has a removable, internal peptide linker sequence and is incapable of 
substantially inactivating eukaryotic ribosomes, but which upon removal of the linker can be converted into 
a protein having a and j3 fragments, termed an a/3 RIP, that is capable of substantially inactivating 
eukaryotic ribosomes, said a fragment having an amino acid sequence effectively homologous to the 
following sequence: 

20 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 

GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKK 

and said 0 fragment having an amino acid sequence effectively homologous to the following sequence: 

DPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRI 
SKAAFEWADHPTAVIPDMQKLGIKDKNEAARIVAL 
VKNQTTAAAATAASADNDDDEA . 

35 

In a fifth aspect, the present invention is directed to a method of converting a protein that is incapable 
of substantially inactivating eukaryotic ribosomes into a protein that is capable of substantially inactivating 
eukaryotic ribosomes, said method comprising the following steps: 

a) providing a homogeneous protein derived from Panicoideae, termed a proRIP. wherein the proRIP 
40 has a removable, internal peptide linker sequence and is incapable of substantially inactivating eukaryotic 

ribosomes, but which upon removal of the linker can be converted into a protein having a and ^ 
fragments, termed an a0 RIP, that is capable of substantially inactivating eukaryotic ribosomes; and 

b) contacting the proRIP with a cleaving agent capable of deleting the linker to form a protein having a 
and 0 fragments, termed an oiS RIP, that is capable of substantially inactivating eukaryotic ribosomes. 

45 In a sixth aspect, the present invention is directed to a conjugate comprising a targeting vehicle and a 
protein derived from Panicoideae, termed a proRIP. wherein the proRIP has a removable, internal peptide 
linker sequence and is incapable of substantially inactivating eukaryotic ritxjsomes, but which upon removal 
of the linker can be converted into a protein having a and /S fragments, termed an afi RIP, that is capable of 
substantially inactivating eukaryotic ribosomes. 

50 In a seventh aspect, the present invention is directed to a conjugate comprising a targeting vehicle and 
a protein derived from Panicoideae, termed an a0 RIP, that is capable of substantially inactivating 
eukaryotic ribosomes, wherein the a0 RIP has a and /8 fragments. 

In a ighth aspect, the present invention is directed to a conjugate comprising a targeting v hid and a 
protein derived from maize, termed a proRIP, wherein the proRIP has a removable, internal peptide linker 

55 sequ nee and is incapabi of substantially inactivating eukaryotic ribosomes, but which upon removal of th 
linker can be converted into a protein having a and fragments, termed an afi RIP. that is capable of 
substantially inactivating ukaryotic ribosomes, said a fragment having an amino acid sequence effectively 
homologous to the following sequence: 
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KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 
FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 
5 GDTHLLGDNPRWLGFGGRYQDLIGMKGLETVTMGRAEMTR 
AVNDLAKKKK 

and the j3 fragment having an amino acid sequence effectively homologous to the following sequence: 

10 

DPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRI 
SKAAFEWADHPTAVIPDMQKLGIKDKNEAARIVAL 
^5 VKNQTTAAAAT AASADNDDDEA . 

In a ninth aspect, the present invention is directed to DNA isolate capable of encoding a protein, termed 
a proRIP, wherein the proRlP has a removable, internal peptide linker sequence and is incapable of 
substantially inactivating eukaryotic ribosomes. but which upon removal of the linker can be converted into a 
20 protein having a and ^ fragments, termed an a0 RIP, that is capable of substantially inactivating eukaryotic 
ribosomes. 

In a tenth aspect, the present invention is directed to a DNA isolate encoding a protein, termed an aff 
RIP. that is capable of substantially inactivating eukaryotic ribosomes, wherein the RIP has a and 0 
fragments. 

25 In an eleventh aspect, the present invention is directed to a DNA isolate encoding a protein derived 
from maize, termed a proRIP. wherein the proRIP has a removable, internal peptide linker sequence and is 
incapable of substantially inactivating eukaryotic ribosomes, but which upon removal of the linker can be 
converted into a protein having a and ^ fragments, termed an a0 RIP, that is capable of substantially 
inactivating eukaryotic ribosomes, said a fragment having an amino acid sequence effectively homologous 

30 to the following sequence: 



KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 
35 FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 
GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 
AVNDLAKKKK 

40 and said ^ fragment having an amino acid sequence effectively homologous to the following sequence: 

DPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRI 

SKAAFEWADHPTAVIPDMQKLGIKDKNEAARIVAL 

VKNQTTAAAAT AASADNDDDEA . 

In a twelfth aspect, the present invention is directed to a DNA isolate encoding a fusion protein capable 
of substantially inactivating eukaryotic ribosomes, said protein having an amino acid sequence effectively 
50 homologous to the following sequence: 



55 
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KRIVPKFTEIFPVEDAMYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 
FYTELKTRTSSITLAIRMDMLYLVGFRTPGGVWWEFGKD 
GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 
^ AVNDLAKKKKDPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHG 
VTLTVTQGKQVQKWDRISKAAFEWADHPTAVIPDMQKLGIKDKN 
E A AR I VALVKNQTTAAAAT AAS ADNDDDEA . 

10 

In other aspects, the invention is directed to expression vehicles capable of effecting the production of 
such aforementioned proteins in suitable host cells. It also includes the host cells and cell cultures which 
result fronn transformation with these expression vehicles. 

A number of aspects of the present invention are further illustrated in the accompanying Drawings, in 
75 which: 

Figure 1 shows a schematic representation of the processing of maize proRIP to the active form. 
Figure 2 shows the effect of active maize a/3 RIP on mammalian cell-free protein synthesis. 
The entire teachings of all references cited herein are incorporated by reference. 

20 Definitions 

Nucleic acids, amino acids, peptides, protective groups, active groups and so on, when abbreviated, are 
abbreviated according to the lUPAClUB (Commission on Biological Nomenclature) or the practice in the 
fields concerned. The following are examples. 
25 The single letter code for amino acids is set forth below: 



Glycine: 


G 


Phenylalanine: 


F 


Alanine: 


A 


Tyrosine: 


Y 


Valine: 


V 


Threonine: 


T 


Leucine: 


L 


Cysteine: 


C 


Isoleucine: 


1 


Methionine: 


M 


Serine: 


S 


Glutamic acid: 


E 


Aspartic acid: 


D 


Tryptophan: 


W 


Lysine: 


K 


Proline: 


P 


Arginine: 


R 


Asparagine: 


N 


Histidine: 


H 


Glutamine: 


Q 


Unknown 


X 







40 The term "proRIP" means a precursor protein that contains a leader and linker and that is not capable 
of inactivating eukaryotic ribosomes. 

The term "leader" refers to an N-terminal amino acid sequence of a proRIP that need not present in the 
mature, fully active form of the a/3 RIP. 

The term "linker" refers to an internal amino acid sequence within a proRIP, whereby the linker is of a 
45 length and contains residues effective to render the proRiP incapable of catalytically inhibiting translation of 
a eukaryotic ribosome. 

The term "RIP" means a protein that is capable of inactivating eukaryotic ribosomes. The term "a^ 
RIP" means a RIP having an o fragment, which may or may not contain the leader, a 0 fragment and being 
capable of substantially inactivating eukaryotic ribosomes. 
50 The term "ICso" means the concentration of a protein necessary to inhibit protein synthesis by 50 
percent in a cell-free protein synthesis assay. 

The term "inhibiting amount" refers to the specific ability of RIPs to cause the death or injury of cells 
against which they ar targeted. 

The term "target cells" means those cells having ribosomes which the a/3 RIP of the present invention 
55 is capable of inhibiting. The target cells may be pr sent in living organisms or they may be preserved or 
maintained in vitro. The cells may be individual or associated to form an organ. Exemplary target cells 
include any eukaryotic cell (e.g., mammalian. Insect, fungal and plant cells). 

The term "targeting vehicle" means a carrier moiety containing a ligand capable of binding to a 



5 



EP 0 466 222 A1 



receptor of a specific cell or tissue. 

"G n " refers to the ntire DNA portion involved in the synthesis of a protein. A gene embodies the 
structural or coding portion which begins at the 5' end from a translation start codon and extends to a stop 
codon at the 3' nd. It also contains a promoter region, usually located 5* or upstream to the structural 
5 coding portion, which initiates and regulates the expression of a structural gene and a 3* nontranslated 
region downstream from the translated region. 

"Expression" refers to a two-part process for the transcription and translation of a gene. The DNA 
defining the gene is transcribed into a precursor RNA. which is processed to its mature form, messenger 
RNA (mRNA). During translation, the cell's ribosomes, in conjunction with transfer RNA. translate the RNA 
10 "message" into proteins. 

Preferred Embodiments of the Invention 

Surprisingly, it has been discovered that studied members of Panicoideae contain a)3 RIP and pro RIP. 
15 Panicoideae is a subfamily of Gramineae (order) and Graminaceae (family). The subfamily Panicoideae 
contains three tribes: Maydeae (e.g., Tripsacum, Coix, Euchlaena and Zea). Andropogonea (e.g.. 
Sorghum) and Paniceae. For further taxonomic information, see Arber (1934), The Gramineae, A Study of 
Cereal, Bamboo and Grass, Cambridge University Press, p 410-41 1 . 

The present invention pertains to proteins which are derived from a plant within the subfamily 
20 Panicoideae. As taught herein, proteins obtained from various plants within the sutrfamily Panicoideae 
have shown antigenic cross reactivity (i.e., showing evidence of pro RIP in Panicoideae as well as a and ^ 
fragments of an afi RIP). 

By "derived" from a plant within the subfamily Panicoideae means a protein that is effectively 
homologous, as defined below, with a proRIP or RIP from Panicoideae, regardless of the manner in 

25 which the protein is produced. Given the present teachings it now becomes possible to prepare generally 
homogeneous proRlP and a0 RIP exclusive of irrelevant proteins and contaminants naturally associated 
therewith in the cellular environment or in extracellular fluids. For example, a substantially pure protein will 
show constant and reproducible characteristics within standard experimental deviations for parameters such 
as the following: molecular weight, chromatographic behavior, and such other parameters. The term. 

30 however, is not meant to exclude artificial or synthetic mixtures of a protein with other compounds. The 
term is not meant to exclude the presence of minor impurities which do not interfere with the biological 
activity of the protein and which may be present, for example, due to incomplete purification. 

Both the proRlP and a0 RIP may be purified directly from mature and germinating seeds and 
developing kernels of plants within the subfamily. Generally, the purification of the Panicoideae afi RIP and 

35 proRIP may be accomplished as follows. 

Seeds or immature kernels of plants within the subfamily Panicoideae may be homogenized to disrupt 
the individual seeds or kernels. This can be accomplished by any type of commercially available 
homogenizer. 

The Panicoideae proRIP and/or RIP may be purified from the homogenization product by any 
40 appropriate protein purification technique. Exemplary techniques include gel filtration chromatographic 
techniques, such as conventional liquid chromatography, ion exchange chromatography, high performance 
liquid chromatography, and reverse phase chromatography. 

Upon purification, the Panicoideae proRIP will have insignificant ritxtsome inactivating ability relative to 
its corresponding a0 RIP. For example, maize proRIP has an ICso of greater than 10 micrograms per 
45 milliliter (ug/ml) in a cell-free protein synthesis assay. The maize afi RIP has an ICso of about 1 nanogram 
per milliliter (ng/ml) in a mammalian cell-free protein translation assay. 

The maize proRIP has a molecular weight of about 34 kD, as determined by SDS-PAGE (see Laemmli 
(1970), supra), and will move as a single peak on ion exchange chromatography. Homogeneous maize aff 
RIP will comprise two associated fragments, an a and fragment, having molecular weights of approxi- 
50 mately 16.5 kD and 8.5 kD, respectively (as determined by sodium dodecyl sulfate polyacrylamide-gel 
electrophoresis (SDS-PAGE) (see Laemmli ((1970). Nature . 22:680-685). The homogeneous protein will 
exhibit two dissociated peaks on reverse phase chromatography, and a single associated peak on ion 
xchange chromatography. Polyclonal anti-sera against each fragment both crossreact with a polypeptide 
present in maize kernels having a molecular weight of about 34 kD as determined by SDS-PAGE. This 
65 demonstrates that the two fragments of the maize a/S RIP are in fact derived from a common precursor (i.e., 
the maize proRIP). 

The maize proRlP amino acid sequence (as set forth in Table 1) contains four sequence subsegments: 
(1) a leader sequence, from residues 1 to 16. (2) an a fragment, from residues 17 to 156, (3) an internal 
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linker sequence, from r sidues 157 to 182, and (4) a j3 fragment, from residues 183 to 301. 

TABLE 1 

NudeotkJo sequence and deduced amino acid sequence of maize proflIP cONA. 
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55 

The net charges of these polypeptides are as follows: leader -3; a, +10; linker, -5; i3, +1. Removal of 
the leader and linker results in a dramatic chang in net charge from th maize proRIP ( + 3) to maize a0 
RIP ( + 11). Additionally, th proRIP isolated from maize has an observed pi of 6,5 which agrees well with 
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the value of 6.1 derived from the deduced amino acid sequence. The pi of the active maiz RIP is ^9. 
compared to the calculated value from the deduced amino acid sequence of 9.06 (i ©-. after deletion of the 
acidic leader, and linker sequences). Experimental data further suggests that th native maize RIP has a 
few amino acids removed from the carboxy-terminal end. Thus, the maize a/5 RIP has a basic pi, which is 
5 consistent with the pl of other RIPs. 

A comparison of the maize proRIP with that of barley, a monocot . as set forth in Table 2 below. The 
upper sequence shows maize RIP and the lower sequence barley RIP. as taught by Asano ef a/. (1986). 
Carlsberg Res. Commun. . 51:129. Identical residues are denoted by a solid line, conservative substitutions 
by a dotted line, and dashes indicate insertions to maximize homology. Residues are numt)ered on the left. 

10 

TABLE 2 

Compartson of mam RIP and bariay RtP amtno acid saquancas. 

75 



1 ^UEI^L£?SDI^QT?IlaRIVPKETEI^PVEDANYPrSArIASVRIa>VIKHCT2HKqIrQPV 

M ! ^ : ! I I : : : I II 

20 - .^AKMAKNVDKPLFTATr>IVCASSADyArFIAGIRNKLRNPA--HFSHMEPV 

ol -rr-£KKVPEL-wryTEtXT!^-TSS-iriAIW©NLYlVGFRTPGGVWWEFGKDCT 

i i I . i ■ ::':!:':;!?':: = i ! i 

= : l??'/E?NVPPSRWHWLKJ^3?rSAGLZlAI?ADNiri£GrKSSDGrrfWELT?GLIPC^ 

25 . ^ 

-.3 -NPnWU3?GGRYGClIG:iKGL£T-VTMGRAEMTRAVNDLAKKKKMATL£EEEVKM^ 

: : I 1 I ■ * : : : : . 
:i 0 rVGFGGTYraLLGOTZKLT^n/ALGKCQLEDAVTALHGRTK 

197 .^LAAAAXADPQADTXS KUTCV/VMVCZGLRFNTVSRTVDAGFNSQHGVTLr VTQG 

30 : ! : : : : 1 : ; I I : ! ! 1 ! : 

-HO --IJKASGFKQCQAREAVTTlLLMVNEATRFQr/SGFVAGLI^PKAVErj^S^ 

XCV'::<>roRI£KAAFEWADK??AVrPCMCKLGrKDKNEAARIVALVKNQTrAAA^ 

II: 

35 - - " .-.C'-'^:TrtCri£-AAL:.:< :rVK?P?C-:<Sr AKFr?:£XMGVRTAEG .-J^ATLGILLF 



■ ZVr "331, . /AKALEZ»FHA3G3K 



40 

As set forth in in Table 2, there is an overall homology of 28 percent (34 percent including conservative 
substitutions) between the maize RIP and barley RIP. However, the unique nature of the linker region of 
maize proRIP is clearly shown by the resulting gap that has been introduced in the published barley 
sequence to maintain homology. A lower, but significant, degree of homology is seen when the maize 
45 proRIP sequence is compared to that of ricin A-chain (as set forth in Table 3 below). The upper sequence is 
maize aj8 RIP and the lower sequence is ricin A, as taught by Lamb ef a/. (1985), Eur. J. Biochem., 
148:265. Identical residues are denoted by a solid line and conservative substitutions by a^dotted line, 
dashes indicate insertions to maximize homology. Residues are numbered on the left, the numbering of the 
ricin sequence con'esponds to that of the mature protein. 

50 



55 
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TABLE 3 

Compartson f main niP and rfcin A chain amln actd saquaneaa. 



^^ITLEPSDI^QTNKRlVPKTTEIFPVmANyPYSAFIASVRKDVIKHCT 

• ' ' ' I I I I I 

-24 myavatwix:fgstsgwsftixdnnifpkqypiinfttagatvqsytotiravrgiu*ttgm 

62 ^HKGIFQPVI^P-EKKVPEIOT-YTEIJCTR-TSSITIAIRMDbaYLVGFRTPGGVWW^^ 

- • ' " I .1 I : t I I : 11:11:1 : : 

j8 ^^--HEI?^/«NRVGI^INQRFIL'/ELSNHAELSVTIAIJ5VTNAYWGyi^ . 

110 DGDTHLLGDNPR WI^GGRYQDLIGfmGL--ET^rn<GiUEKTIUlVNDLAK^^ 

: : ! M I ! I I : | I : | 

97 NQEDAEAITHLFTDVQMRYTFAFGGNYDRLEQLAGNLRENIELGNGPLEEAISALYYYST- 

164 ATIXEEEVKMQMQMPEAADIJUUUUU^PQADTKSKLVKLVVMVCEGI^^ 

157 «3TQLPTIARSFIICIQMISEAARFQYIEGEMRTRIR 

224 SQHGVTLr.-TQGKQVQKMDRISKAAFEWADHPTAVIPDMQKLGI-KDKNEAARIVALVKNQ 

: : 1:1 i | I: • i; : 

- 9 4 YNRRS AP C ? S V I T LENS WGRLS TA I QESNQGAF AS P I QLQRRNGS KF S VYD VS I LI P 1 1 AL 

284 r TAAAATAASADNDDDEA 

255 MVYRCAPPPSQF 



As set forth in Table 3, a gap was again introduced in the published ricin A sequence to maximize 
homology corresponding to the linker region of the maize proRIP. 

Further comi^arison of the maize proRIP sequence with published full-length sequences of other non- 
Panicoideae RIPs indicate that there are four regions of significant homology between these proteins (as 
set forth in Tables 4a and 4b below). 



TABLE 4A 



Allgnmant of tha N-tarminal amino acid saquanca of tna maiza RIP 
16^ kO polypepttda with the N-tarmlnl of RIPs from othar sources* 



Maize RIP 

3artey RIP 

RkanA 

Trichosanthin 

Momordjn 

Bryodin 

Gelonin 

Oodecandrin 

Pokaweed AP2 

SaporinS 

Saponn4 

SLT-1A 



I i : : 

AQTNKRIVPKFTEIF-PVEDANYPYSAFIASVRKDVIK 
AAKMAKN^/D KP LFTATF -N VQ ASS AD YATF I AG I RNKLRN 

: r? KQ YP I i:;fttagatvqs ytnf iravrgrltt 

DVSFRLSGATSSSYGVFISNLRKALPN 

OVSFRLSGADPRSYGMFIKDLPiJALPF 
D VSFRLS G ATTTS YGVF I KNLRE ALP Y 
3LDTVSFSTKGATYITYVNFLNELRVKLKP 
^/NTI I YNVGSTTISNYATFMDNLRNEAKD 
N-IVFDYENATPETYSNFLTSLREAVKD 
'/TS ITLDLVNPTAGQYSSF^/DKIRNNVKD 
VIIl'ZLNLQGTTKAQYSTILKQLRDDIKD 
:<ZFTLDFSTAKTYDSLNV-:?.SAIGT 
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Table 4A shows the first region and the comp)arative alignment of the N-terminal amino acid sequence 
of the maize RIP a fragment with the N-terminal sequences of RIPs from other sources. The sequences 
are taken from: barl y (se Asano et al. (1986), supra): ricin A-chain (s e Lamb et al. (1985), supra): 
dodecandrin (see Ready et at. (1985). Biochem. Biophys, Acta, 791:314); pokeweed anti-viral protein 2 
5 {AP2) (see Bjorn et al, (1985), Brochim. Biophys. Acta. 730:154); Shiga-like toxin 1A (SLT-IA) (see 
Calderwood et al. (1987). Proc. Nat. Acad. Sci. USA , 84:4364); and a-trichosanthin. momordins, bryodin, 
gelonin, dodeoandrin. pokeweed antiviral proteirr2. saporin 5, and saporin 4 (see Montecucchi et a/. (1989), 
Int. J. Peptide Res., 33:263). Positions showing homology in four or more sequences are noted by solid 
lines (showing identical residues) or dotted lines (showing conservatively substituted residues). 

10 

TABLE 4B 

Allgnni«nt of maize RIP with regions of homology In the amino add 
75 sequences of other RIPs. 



Maize RIP 84 iXL^iBMOmmffiS: 

BarteyRiP 77 LTtATRAPMiyLFi pf 

Ridn A-chain 70 imaLDVTHAXSOiGr 

Saponn-6 62 j^SLfiLKTOMLEoar 

AbrinA-chatn 64 t EvnTn vrw xYWA v 

SLT-IA 62 MIDSGSG DNLFAVP V 

Tnchosanthin 58 ce vald vtn y . • . 

^7 jlLMGX 



I I I 

201 LVVMVg EGl.RFWT V.s 237 Q52Q|C-HDRISKa 

168 HJLt^nxZLtBSaVLS 208 Q5aiG-HQDL5AA 

171 CIQMlSEAARFnYXP 207 LEHS-HGRLaTA 

170 AXOtfrAfiAABEEXXQ 205 E5ai~SiKKI^Ta 

159 IXQVASS&AfiCBTlS 194 LEUH-SDNLRGV 

183 FTTVTAE^LaEfllQR 222 Tia~!lGRL£SV 

161 LXGSTSEflAfiXKFIS '95 r.Z^JSLHLALiiKQ 



30 Table 4b shows that the other three regions are internally oriented. Table 4b specifically shows the 
alignment of maize a0 RIP with regions of homology In the amino acid sequences of other RIPs. The 
sequences are available from the following references: barley (see Asano et at. (1986). supra and Leah et 
at. (1991). J. BioL Chem. . 266:1564-1573); ricin A-chain (see Lamb et al. (1985). supra); abrin A-chain (see 
Funatsu et al. (1988), Agric. Biol. Chem . 52:1095); saporin-6 (see Benatti et al. (1989) Eur. J. Biochem., 

35 183:465); Shiga-like toxin 1A (SLT-IA) (see Calderwood et al. (1987), supra); and a-trichosanthin (see 
Xuejun and Jiahuai (1986), Nature . 321:477; Chow et at. (1990), J. Biol. Chem., 265:8670-8674 and 
Maragonore et al. (1987), J. Biol. Chem. . 262:11628-11633). PositioFs showing identity or conservative 
substitutions in four or more sequences are underlined, dashes indicate insertions to maximize homology. 
Vertical lines indicate residues that are conserved in ail seven sequences. The starting amino acid of each 

40 sequence is indicated (note that trichosanthin contains an insertion sequence at residues 67 to 76). 

The sequences and partial sequences of various additional Type I RIPs are set forth in the following 
articles: luffin-A (see Islam ef al. (1990), Agric. Biol. Chem., 54:2967-2978; mirabilis antiviral protein (see 
Habuka ef al. (1989) J. Bio. Chem. , 264:6629-6637r¥ichokirin, (see Casellas et al. (1988). Eur. J. Biochem., 
176:581-588; momordins (see Barbieri et at. (1980), Biochem. J., 186:443-452; dianthins (see Reisbig and 

45 Bruland (1983), Arch. Biochem. Biophys. . 224:700-706; saporin¥ (see Maras ef at., (1990), Biochem. Intl., 
21:831-838 and Lapp! et al. (1985). Biochem. Biophys. Res Commun., 129:934-942; and momorcochin-S 
(see Bolognesi et at. (1989), Biochim. Biophys. Acta, 993:287-2921 

Other Type I and Type II RIPs have also been purified to homogeniety and these include; momor- 
charins (see Yeung ef at. (1986), Int J. Peptide Res., 28:518-524; tritins (see Roberts and Stewart (1979), 

50 Biochem., 18:2615-2621); rye (see~Coieman and Rol>erts (1982), Biochim. Biophys. Acta, 698:239-244; 
agrostins and Hura crepitans (see Stirpe ef al. (1983), Biochem. J., 216:617-625; Asparagus officianalls - 
(see Stirpe ef al. (1983), Biochem. J., 216:617-625; Cucumis mielo (see Ferreras ef at. (1989). Biochem 
Intl. , 19:201-207; Cucurbitaceae (see~Ng et ai, Int J. Biochem., 21:1353-1358; Petrocoptis (see Ferreras 
ef al., Cell. Molec. Biol. , 35:89-95); volkensin-a~(see Barbieri ef at. (1984), FEBS Lett., 171:277-279; 

55 viscumin-a (se Olsnes ef al. (1982). J. BioL Chem. . 257:13263-123270; modeccin-a (se Gasperi-Campani 
(1978), Biochem. J., 174:491-496); hAomordia charantia lectin-a (see Lin ef at. (1978), Linn. Toxicon., 
16:653-660); Phorandendron californicum lectin-a (see Franz ef at. (1989). FEBS lett, 248:lT5Tl8^ 

Proteins from the following other plants have also been shown to possess ribosome inactivating activity: 
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Stellarea holostea. Lychnis Uos-cuculK Hordeum murinum, Aegytops genicuiata. Euphorbia serrata, 
Capselia bursapastoris, Muscari comosum (see Merino et ai (1990). J. Exp Botany. 41:67-70); and 
proteins fronn Croton tigiiuw and Jatropha curcas (see Stirpe et ai (l976).'Bi6chem J.. 156:1-6). 

When the internal linker sequence of the proRIP is removed, the R\P has~~significant rit)osome 

5 Inactivating activity. The activity has been found to be significant regardless of whether the leader sequence 
has been removed (e.g.. by recombinant methods). However, the proRIP is most active when the leader 
sequence is also removed and probably when C-termrnus residues are also removed. In nature, it is thought 
that the linker is cleaved by endogenous proteases released by germinating seeds. Signiftcantly* it has been 
discovered that the linker may also be cleaved in vitro by certain proteases, e.g., papain, to yield active 

70 maize ajS RIP from the precursor. While not intended to be bound by theory, it is thought that papain likely 
mimics the effect of endogenous endoproteinases released during germination. 

It appears that, after removal of the interna! linker, the two fragments of the processed polypeptide are 
held together by noncovalent forces. That is. the association of the two polypeptide chains does not depend 
upon interchain disulfide bonds or the formation of a peptide bond between the fragments. 

75 Although not intended to be bound by theory, it is believed that the linker forms an external loop with 
exposed amino acid residues that are susceptible to proteolysis. Support for this suggestion comes from 
the alignment of the amino acid sequence of the maize proRIP with that of ricin A chain, the three 
dimensional structure of which is known (see Montfort et al, (1987), J. Biol. Chem.. ^62:5398). The Glu 177. 
Arg 180. Asn 209 and Trp 21 1 of ricin A have been implicated in the" active site region of the molecule (see 

20 Robertus (1988), ln:lmmunotoxins, supra). 

Based on this alignment, homologous residues of maize afi RIP can be positioned within the three 
dimensional structure of ricin A chain. The superimposed structures indicate that the C-terminal lysine of the 
a fragment (at residue 162) is in corresponding alignment with an externally positioned threonine (at residue 
156) of the ricin A-chain. Also, the N-terminal alanine of the fragment (at residue 189) is in conresponding 

25 alignment with an externally positioned glycine (at residue 157) of the ricin A-chain. 

The present invention is intended to include the construction of a0 RIP and proRIP forms of any RIP. 
As set forth in Tables 4a and 4b. RIPs for which a full-length sequence has been determined contain 
regions with significant homology. Similarly the N-termina! sequence similarities in an even greater number 
of RIPs have been compared (set forth in Tables 4a and 4b). It is likely that these regions have particular 

30 effect upon the function of the respective RIP. 

An RIP having known amino acid sequences may now be altered into inactive. proRIP forms by the 
insertion of a linker. Based on the information deduced from the maize system set forth herein, it now 
becomes possible to engineer inactive forms of any RIP having a three dimensional structure similar to the 
three dimensional structure of ricin A chain. Cleavage of the linker will result in an RIP not heretofore 

35 found in nature. 

The art has discussed the methodology for modifying the three dimensional structure of proteins (see, 
for example. Van Brunt (1986). Biotechnology. 4:277-283). The first step involves selecting plausible sites 
on the RIP between which the linker may t>e inserted. One of those sites is the exposed amino acid 
residues surrounding residue 156 of ricin A-chain or its equivalent in other RIP sequences. Thus, the 
40 present invention is intended to encompass the insertion of a peptide linker in those sequences, provided 
that the insertion of the linker substantially reduces the ribosome inactivating ability of the RIP. By 
"substantially reduce" is meant that the insertion of a cleavable linker into an active RIP lowers the ICso 
value of the resultant protein by at least 10 fold, preferably 100-fold, and more preferably 1000-fold. 

As stated previously, ricin A-chain has been shown to have sequence homology to many single chain 
45 RIPs. The RIPs set forth in Tables 4a and 4b are intended for exemplification purposes only. RIPs 
characterized in the future that meet the above criteria are also considered to be a part of this invention. 

Generally, the linker may be of a length, may be of an amino acid sequence, and may be internally 
positioned so as to substantially reduce the ribosome inactivating activity of the RIP. 

Obviously, since the Panicoideae linker(s) is the only known RIP linker found in nature, it is expected 
50 that such an amino acid sequence will logically be a primary candidate for insertion into other RIPs. 
However the present invention is intended to encompass linkers having effectively homologous sequences 
to a selected maize linker. The factors to be considered in synthetically preparing effectively homologous 
linkers for afi RIPs generally are the same as set forth above for selecting effectively homologous linkers for 
a selected maize linker. 

55 Any of a variety of procedur s may b used to clon proRIP-encoding g ne sequ nc . On method for 
cloning the proRIP gene sequence entails determining the amino acid sequence of the proRIP molecule. To 
accomplish this task proRIP or a0 RIP protein may be purified (as described above), and analyzed to 
determine the amino acid sequence of the proRIP or a$ RIP. Any method capable of elucidating such a 
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sequence can be m ployed, however, Ed man degradation is preferred. The use of automated sequenators 
is especially preferred. 

It is possible to synthesize in vitro ihs proRlP and a0 RIP from their constituent amino acids. A suitable 
technique includes the solid phase method (see Merrifield (1983), J. Amer. Chem. Soc . 85:2149-2154; and 
5 Solid Phase Peptide Syntiiesis (1969). (eds.) Stewart and Young). Automated synthesizers are also 
available! 

The peptides thus prepared may be isolated and purified by procedures well known in the art (see 

Current Protocols in Molecular Biology (1989), (eds.) Ausebel. et a/.. Vol. 1) and Sambrook et al. (1989), 

Molecular Cloning:'A Laboratory Manual). 
10 Using the amino acid sequence Information, Uie DNA sequences capable of encoding them are 

examined in order to clone the gene encoding the proRlP. Because the genetic code is degenerate, more 

than one codon may be used to encode a particular amino acid. 

Although it is possible to determine the entire amino acid sequence of the proRIP or aj3 RIP. it is 

preferable to determine tiie sequence of peptide fragments of the molecule, and to use such sequence data 
75 to prepare oligonucleotide probes which can be used to isolate the entire proRIP gene sequence. The 

proRIP peptide fragments can be obtained by incubating the intact molecule with cyanogen bromide, or 

with proteases such as papain, chymotrypsin or trypsin. 

Using the genetic code one or more different oligonucleotides can be identified. The probability that a 

particular oligonucleotide wilt, in fact, constitute the actual proRlP encoding sequence can be estimated by 
20 considering abnormal base pairing relationships and tiie frequency with which a particular codon is actually 

used (to encode a particular amino acid) in eukaryotic cells. Using these rules, a single oligonucleotide, or a 

set of oligonucleotides, tiiat contains a theoretical "most probable" nucleotide sequence capable of 

encoding the proRlP or ajS RIP peptide sequences may be identitied. 

The oligonucleotide, or set of oligonucleotides, containing the theoretical "most probable" sequence 
25 capable of encoding the proRlP gene fragments may be used to identify the sequence of a complementary 

oligonucleotide, or set of oligonucleotides, which is capable of hybridizing to the "most probable" sequence. 

or set of sequences. An oligonucleotide containing such a complementary sequence can be employed as a 

probe to identify and isolate the toxin gene (see Sambrook ef at. (1989), supra). 

By hybridizing an oligonuleotide having a sequence complementary to the "most probable" gene 
30 sequence, one obtains a DNA molecule (or set of DNA molecules), capable of functioning as a probe to 

identify and isolate the proRlP gene. 

The present invention also relates to DNA sequences that encode recombinant proRIP and ajS RIP. The 

recombinantiy-produced proRIP and a0 RIP share the following properties with the proRIP and a/3 RIP 

isolated from nature and characterized according to the teachings herein: (1) portions of the amino acid 
35 sequence deduced from the nucleotide sequence are equivalent to amino acid sequences obtained directly 

from nature; (2) the polypeptide is recognized by anti-RtP antibodies; (3) the molecular weight of the proRIP 

and afi RIP polypeptides encoded corresponds with the naturally occurring proteins; (4) each proRIP protein 

is convertable to an a)3 RIP; and (5) each proRIP and a/? RIP protein exhibits relatively equivalent ribosome 

inactivating activity. 

40 The process for genetically engineering the proRlP or RIP according to the invention is facilitated 
through the cloning of genetic sequences which are capable of encoding the proRIP or afi RIP. or 
effectively homologous variants thereof as discussed below, and through the expression of such genetic 
sequences. As used herein, the term "genetic sequences" is intended to refer to a nucleic acid molecule 
(preferably DNA). Genetic sequences which are capable of encoding the toxin may be derived from a 

45 variety of sources. These sources include genomic DNA, cDNA. synthetic DNA, and combinations thereof. 

Cells containing the desired sequence may be isolated, and genomic DNA fragmented by one or more 
restriction enzymes. The genomic DNA may or may not include naturally-occurring introns. The genomic 
DNA digested with selected restriction endonucleases yields fragments containing varying numbers of base 
pairs (bp). 

50 Specitically comprehended as part of this invention are genomic DNA sequences encoding allelic 
variant forms of the proRIP gene which may include naturally occurring introns. The allelic gene may be 
derived using a hybridization probe made from the DNA or RNA of tiie proRIP gene as well as its flanking 
regions. "Flanking regions" are m ant to include thos DNA sequences 5* and 3' of the proRIP needing 
sequences. 

55 Th DNA isolate encoding the proRIP gen may also be obtained from a cDNA library. Th mRNA may 
be isolated from a suitable source employing standard techniques of RNA isolation, and the use of oligo-dT 
cellulose chromatography to enrich for poly-A mRNA. A cDNA library is then prepared from the mixture of 
mRNA using a suitable primer, preferably a nucleic acid sequence which is characteristic of the desired 



12 



EP 0 466 222 A1 



cDNA. A single stranded DNA copy of th mRNA is produced using the enzym reverse transcriptas . 
From the single stranded cDNA copy of the mRNA. a double-stranded cDNA molecule may be synth sized 
using either reverse transcriptas or DNA polymeras . 

It is also possible to use primers to amplify the DNA from cells of appropriately prepared seeds and 
5 immature kernels by the polymerase chain reaction (PGR). PGR involves exponentially amplifying DNA in 
vitro using sequence specified oligonucleotides, (see Mullis et ai (1987), Meth. Enz. . 155:335-350; Morton 
et al. (1989). Gene. 77:61; and PGR Technology: Principles and Applications for DNA Amplification , (ed.) 
Erlich (1989). 

The DNA encoding the proRIP or RIP may be chemically synthesized by manual procedures, e.g.. 
10 the phosphotriester and phosphodiester methods (see Garuthers (1983). In: Methodology of DNA and RNA , 
(ed.) Weissman); or automated procedures e.g., using diethylphosphoramidites are used as starting 
materials (see Beaucage et al. (1981), Tetrahedron Letters. 22:1859-1962). The DNA may be constructed 
by standard techniques of annealing and ligating fragments or by other methods. 

Thereafter, the desired sequences may be isolated and purified by procedures well known in the art 
75 (see Gun-ent Protocols in Molecular Biology (1989). supra) and Sambrook et al. (1989), Molecular Gloning: 
A Laboratory Manual . 

The nucleotide sequence of the maize proRIP cDNA and the deduced amino acid sequence of such the 
corresponding maize proRIP is set forth in Table 1 . 

One need not be confined to the amino acid sequences of proRIP and a)3 RIP found in nature. Thus, it 

20 is possible to selectively produce both proRIP and o^S RIP via the application of recombinant DNA 
technology. This in turn allows the production of sufficient quality and quantity of material to create novel 
forms of the protein unimpeded by the restriction necessarily inherent in the isolation methods involving 
production and extraction of the protein from natural sources. 

Recombinant procedures make possible the production of effectively homologous proteins possessing 

25 part or all of the primary structural conformation and/or one or more of the biological properties of the ajS 
RIP. For purposes of this invention, an amino acid sequence is effectively homologous to a second amino 
acid sequence if at least 70 percent, preferably at least 80 percent, and most preferably at least 90 percent 
of the active portions of the amino acid sequence are identical and retains its intended function. Thus more 
importantly and critical to the definition, an effectively homologous sequence to the RIP retains the 

30 capacity to interact with and inactivate eukaryotic ribosomes. The effectively homologous sequence to the 
proRIP must retain the capacity to be converted into an ajS RIP. That is, the effectively homologous proRIP 
must have a linker sequence which, when cleaved, will yield a biologically functional a^S RIP. 

General categories of potentially-equivalent amino acids are set forth below, wherein, amino acids within 
a group may be substituted for other amino acids in that group: (1) glutamic acid and aspartic acid; (2) 

35 lysine, arginine and histidine; (3) hydrophobic amino acids such as alanine, valine, leucine and isoleucine; 
(4) asparagine and glutamine; (5) threonine and serine: (6) phenylalanine, tyrosine and tryptophan; and (7) 
glycine and alanine.. 

It is envisioned that, compared with changes to the a and fragments, more significant changes may 
be made to the proRIP in the leader and linker regions. That is, since the leader and linker sequences are 
40 to be cleaved, the length and amino acid residues in their sequences may better be tolerated and 
considered insignificant, because it will not alter the functionality of the final product. 

Further, the linker sequence of the proRIP need not be limited to the sequence set forth in Table 1 , 
above. For example, the length of the linker may be modified, provided that (1) the linker is cleavable, and 
(2) upon cleavage of the linker the resultant protein has an IGso value that is at least about 10 times lower 
45 than the IGso value of the protein containing the linker. 

Primary criteria for selecting an effectively homologous linker include altering the net charge of the ct$ 
RIP (e.g.. more acidic); creating a conformational shift in the protein or providing steric hindrance to the 
active site of the protein. 

As noted previously, the maize RIP, like other RIPs. is basic. However, the maize proRIP has a 
50 slightly acidic pi. Thus, it is preferred that any effectively homologous linker selected for the maize proRIP 
will be acidic. 

The linker should be of a length which, while capable of altering the three-dimensional structure of the 
protein, when cleav d will permit the protein to retain most of the thr dimensional f atures of the activ 
a^g RIP molecule. 

55 To ensur that the linker is cleavable it is generally requir d that the conformation of the proRIP be 
such that the linker cleavage sites are readily accessible to a selected cleavage agent. 

It is also envisioned that at least one restriction enzyme site may be engineered into Ih genetic 
sequenc encoding an RIP. allowing DNA sequences encoding various polypeptide linkers to be inserted 
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into the gene and tested for their ability to creat an inactive, yet activatable RIP. 

Most commonly, cleavage will be effected outside of the replicative environment, for example, following 
harvest of microbial culture. Thus, when genetically modifying the proRIP, it may b preferable, in some 
instances, that the internal linker domain of the proRIP be retained, or altered so as to mimic the manner in 

5 which a natural, inactive proRIP liberates its active a and ^ fragments. 

Any chemical or enzymatic method which recognizes a specific sequence or structure and causes an 
appropriate cleavage at a selected site may be utilized for the present invention. For example, it may be 
desirable to design carboxy termini and amino termini of the linker sequences that are subject to cleavage 
with selected agents. Exemplary such sequences Pro-Xxx-Gly-Pro (where Xxx is unspecified) which is 

70 selectively cleaved by collagenase; lle-Glu-Gly-Arg which is selectively cleaved by Factor Xa; and Gly-Pro- 
Arg which is selectively cleaved by thrombin (see Nilsson et at. (1988). In: Advances in Gene Technology; 
Protein Engineering and Production, (ed.) Brew et at.). 

Achemical or enzymatic method may not be suitable if its cleavage site occurs within the active amino 
acid sequences of the a and 0 fragments. That is, cleavage within the native amino acid sequence of the a 

75 and 0 fragments will generally have a greater likelihood of deleteriously affecting the enzymatic activity of 
the ap RIP. It is possible to select a specific cleavage sequence of only one amino acid residue so long as 
that residue does is not accessible in the amino acid sequences of the a and ^ fragments. It is preferred, 
however, to utilize a specific cleavage sequence which contains two or more amino acid residues, i.e., an 
extended specific cleavage sequence. This type of sequence takes advantage of the extended active sites 

20 of various enzymes. Additionally, by utilizing an extended specific cleavage sequence, it is highly probable 
that cleavage will only occur at the desired site and not at other sites within the protein. 

The cleavage techniques discussed here are by way of example and are but representative of the many 
variants which will occur to the skilled artisan in light of the specification. 

In some instances it may prove desirable to effect cleavage of the proRIP within the cell. For example, 

25 an expression vehicle with appropriate promoters may be provided with a DNA sequence coding for 
enzymes which convert the proRIP to the active form, operating in tandem with the other DNA sequence 
coding expression of the proRIP. 

Further, as is well known, protein sequences may be modified by post-translation processing such as 
becoming associated with other molecules, for example, glycosides, lipids, or such inorganic ions as 

30 phosphate. The ionization status will also vary depending on the pH of the medium or the pH at which 
crystallization or precipitation of the isolated form occurs. Further, the presence of air may cause oxidation 
of labile groups, such as -SH. Thus, included within the definition of the proRlP and RIP. and fragments, 
thereof are all such modifications of a particular primary structure, e.g., both glycosylated and non- 
glycosylated forms, neutral forms, acidic and basic salts, lipid or other associated peptide forms, side chain 

35 alterations due to oxidation or derivatization, and any other such modifications of an amino acid sequence 
which would be encoded by the same genetic codon sequence. 

Exemplary techniques for nucleotide replacement include the addition, deletion or substitution of various 
nucleotides, provided that the proper reading frame is maintained. Exemplary techniques include using 
polynucleotide-mediated, site-directed mutagenesis, i.e., using a single strand as a template for extension of 

40 the oligonucleotide to produce a strand containing the mutation (see Zoller et a/. (1982), Nuc. Acids Res. , 
10:6487-6500; Norris et al, (1983), Nuc. Acids Res. , 11:5103-5112; Zoller et al. (1984). DNA . 3:479-488; 
and Kramer et al. (1982), Nuc. Acids Res., 10:6475-6485) and by using PGR, i.e., exponentially amplifying 
DNA in vitro using sequence specified oligonucleotides to incorporate selected changes (see PGR 
Technology: Principles and Applications for DNA Amplification, Erlich, (ed.) (1989); and Morton et al., 

45 supra). 

By appropriate choice of restriction sites, the desired DNA fragment may be positioned in a biologically 
functional vector which may contain appropriate control sequences not present in the selected DNA 
fragment. By "biologically functional" is meant that the vector provides for replication and/or expression in 
an appropriate host, either by maintenance as an extrachromosomal element or by integration into the host 
50 genome. A large number of vectors are available or can be readily prepared, and are well known to skilled 
artisans. 

In general, vectors containing the appropriate promoters, which can be used by the host organism for 
expression of its own protein, also contain control sequenc s, ribosome binding sites, and transcription 
termination sites. Generally, the replicon and control sequences which are derived from species compatible 
55 with the host cell are used in connection with these hosts. 

Finally, the vectors should desirably have a marker gene that is capable of providing a phenotypical 
property which allows for identification of host cells containing the vector. 

When expressing the RIP, the DNA fragments encoding the a fragment and the fragment may be 
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inserted into separate vectors, or into the same vector. Specifically, wh n th a and & fragments are 
contained in separate v ctors. the host c lis may b transformed via either cotransformatton or targeted 
transformation techniques. 

Construction of suitable vectors containing the desired coding and control sequences may be produced 
5 as follows. 

Restriction endonucleases may be used as a means for inserting the DNA fragments containing the 
proRIP gene or RIP genes into an appropriate expression vehicle. Exemplary restriction enzymes 
include Aat II. Bam HI. Eco Rl, Hind ML Nde I. Spe I. Xba I. Sac I. Bgl II. P$t I, Sal I and Pvu II. 

Cleavage is performed by treating the expression vehicle with a restriction enzyme(s). In general, 10 tig 
10 vector or DNA fragments is used with 10 units of enzyme in 100 ul of buffer solution. Endonuclease 
digestion will normally be carried out at temperatures ranging from 37 degrees Centigrade (37* C) to 65' C. 
at a pH of 7 to 9. Appropriate buffers and substrate amounts for particular restriction enzymes are specified 
by the manufacturers. Time for the reaction will be from 1 to 18 hours. 

After the restriction enzyme digestion is complete, protein may be removed by standard techniques 
75 (e.g., extraction with phenol and chloroform). The nucleic acid may be then recovered from the aqueous 
fraction by standard techniques. 

The desired fragment is then purified from the digest. Suitable purification techniques include gel 
electrophoresis or sucrose gradient centrifugation. The vector and foreign DNA fragments may then be 
ligated with DNA ligase. 

20 An appropriately buffered medium containing the DNA fragments. DNA ligase, and appropriate cofactors 
is employed. The temperature employed will be between 4*C to 25 *C. V/hen DWK segments hydrogen 
bond, the DNA ligase will be able to introduce a covalent bond between the two segments. The time 
employed for the annealing will vary with the temperature employed, the nature of the salt solution, as well 
as the nature of the sticky ends or cohesive termini. Generally, the time for ligation may be from 5 to 18 

25 hours (see Sambrook ef a/. (1989). supra). 

Thereafter, the vector constructions may be used to transform an appropriate host cell. Suitable host 
cells include cells derived from unicellular as well as multicellular organisms which are capable of being 
grown in cultures or by fermentation. 

Various unicellular microorganisms can be used for both cloning and expression. Prokaryotes include 

30 members of the Enterobacteriaceae, such as strains of Escherichia coli, and Salmonella; Bacillaceae, such 
as Bacillus subtilis-, Pneumococcus, Streptococcus, and Haemophilus influenzae. 

In addition to prokaryotes. eukaryotic cells may be employed. As previously stated, eukaryotic cells 
have not heretofore t)een used as recombinant host cells for RIPs. By providing inactive forms of RIPs, the 
present invention provides skilled artisans with the flexibility to use eukaryotic cells as recombinant hosts. 

35 By transforming eukaryotic cells with the proRIP gene, the protein may be expressed at high levels without 
being toxic to the host cell. Since the protein is lacking in bioactivity pending extra-cellular cleavage, the 
effect is to enhance the biosafety of the procedure. The proRIP may then be selectively chemically or 
enzymatically converted to the desired afi RIP. 

Exemplary eukaryotic microbes include yeast. Saccharomyces cerevisae, or common baker's yeast, 

40 is the most commonly used among eukaryotic microorganisms, although a number of other hosts are 
commonly available. 

In addition to eukaryotic microbes, cultures of cells derived from multicellular organisms may also be 
used as hosts. Examples of useful host mammalian cell lines are Sp2/0, VERO and HeLa cells, Chinese 
hamster ovary (CHO) cell lines, and W138. BHK. COS-7 and MDCK cell lines. 

45 Other suitable hosts and expression systems are the t>aculovirus systems maintained in cultured insect 
cells, e.g., from Spodoptera frugiperda, 

Rnally. cells from and portions of higher plants have been found useful as recombinant hosts, and 
appropriate control sequences are available for expression in these systems. Suitable plant cells include 
cells derived from, or seedlings of, tobacco, petunia, tomato, potato, rice, maize and the like. 

50 The expression vehicle may be inserted into the host cell by any suitable method. Conventional 
technologies for introducing biological material into living cells include electroporation (see Shigekawa and 
Dower (1988). Biotechniques, 6:742; Miller, et al. (1988). Proc. Natl. Acad. Sci. USA , 85:856-860; and 
Pow II, et al (1988), Appl. Environ. Microbiol.. 54:655-660); direct DNA uptake~mechanisms (se Mandel 
and Higa (1972), J. Mol. Biol., 53:159-162; Dityatkin. ef al. (1972), Biochimica et Biophysica Acta . 281:319- 

55 323; Wigl r, et 3/7(1979)75011. 16:77; and Uchimiya, et al. (1982). In: Proc. 5th~Tntl. Cong.Tlant Tissue and 
Cell Culture, A, Fujiwara (ed.). Jap. Assoc. for Plant Tissue Culture, Tokyo, pp. 507-508); fusion mecha- 
nisms (see Uchidaz, ef al. (1980). In:lntroduction of Macromolecules Into Viable Mammalian Cells. Baserga 
et al. ( ds.) Wistar Symposium Series, 1:169-185); infectious agents~(iee Fraley, ef al. (1986). CRC Crit. 
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Rev. Plant Sci.. 4:1-46; and Anderson (1984). Science. 226:401-409); microinjection nnechanisms (see 
CrosswiyT eTa/. (1986), Mol. Gen. Genet., 202:179-185); and high velocity projectile mechanisms (see EPO 
0 405 696 to Miller. Schuchardt. Skokut and Gould! (Th Dow Chemical Company). The appropriate 
procedure may be chosen in accordance with the plant species used. 

5 Generally after transformation, the host cells may be grown for about 48 hours to allow for expression of 
marker genes. The cells are then placed in selective medium and/or screenable media, where untransfor- 
med cells are distinguished from transformed cells, either by death or a biochemical property. 

The transformed cells are grown under conditions appropriate to the production of the desired protein, 
and assayed for expression thereof. Exemplary assay techniques include enzyme-linked immunosorbent 

70 assay, radioimmunoassay, or fluorescence-activated cell sorter analysis, immunohistochemistry and the like. 
Selected positive cultures are subcloned in order to isolate pure transformed colonies. A suitable 
technique for obtaining subclones is via the limiting dilution method. 

Uses 

76 

Essentially all of the uses that the prior art has envisioned for RIPs are intended for the novel RIP 
and proRIP set forth herein (see Immunotoxins (1988), Frankel (ed.): and U.S. Patent 4.869,903 to Lifson ef 
a/. (Genelabs Incorporated and the Regents of the University of California)). 

By providing inactive precursor forms of the RIP, it is now possible to provide protein synthesis 
20 inhibitors with uses in practical and improved ways not before possible. The inactive form of the RIP 
offers the additional advantage, over active RIPs. of not being active until removal of the linker sequence. 
Although the RIP is not toxic to the majority of mammalian cells it is known that RIP may be made 
specifically cytotoxic by attachment to a targeting vehicle which is capable of binding to and into target 
cells. 

25 Exemplary targeting vehicles include any peptide hormone, growth factor, or other polypeptide cell 
recognition protein for which a specific receptor exists. A few examples include: antitxjdies and antibody 
fragments, lectins, insulin, glucagon, endorphins, growth hormone, melanocyte-stimulating hormone, trans- 
ferrin, bombesin, low density lipoprotein, luteinizing hormone and asialoglycoprotein that bind selectively to 
target cells (see Immunotoxins (1988), supra). It is well established that conjugates which contain RIP 

30 exhibit maximal cytotoxicity only when the RIP moiety is released from the targeting vehicle. 

Since the afi RIP and proRIP does not contain a reactive sulfhydryl group, it may be necessary to 
modify the proteins using chemical crosslinking reagents in order to link such proRIP and a0 RIP to 
targeting vehicles. 

Conjugates of a monoclonal antibody and the RIP and proRIP may be made using a variety of 
35 bifunctional protein coupling agents. General examples of such reagents are N-succinimidyl-3-(2-pyridyl- 
dithio)propionate, 2-iminothiolane, bifunctional derivatives of imidoesters such as dimethyl adipimidate, 
active esters such as disuccinimidyl suberate, aldehydes such as glutaraldehyde, bis-azido compounds 
such as bis(p-diazoniumbenzoyl)ethylenediamine, diisocyanates such as toluene 2.6-diisocyanate. and bis- 
active fluorine compounds such as 1 ,5-difluoro-2,4-dinitrobenzene (see, for example, WO 86/05098). 
40 In addition, recombinant DNA methodologies may be employed to construct a cytotoxic fusion protein. 
For a general discussion of chimeric toxins (see, for example, Pastan and FitzGerald (1989). The Journal of 
Biological Chemistry. 264:15157-15160; and U.S. Patent 4,892,827 to Pastan ef a/. (The United States of 
America as represented by the Department of Health and Human Services)). These references teach 
modified Pseudomonas exotoxins which comprise a deletion in a receptor binding domain to form a fusion 
45 protein capable of rendering the modified toxin less toxic to selected cells. These references teach DNA 
sequences encoding the human alpha transforming growth factor (a-TGF) or human interleukin fused to 
toxin genes. 

Examples 

50 

The present invention is illustrated in further detail by the following examples. The examples are for the 
purposes of illustration only, and are not to be construed as limiting the scope of the present invention. All 
temperatures not othenwise indicated are Centigrade. All parts and percentages are by weight unless 
otherwise specifically noted. 

56 

Example 1: Isolation of Maize afi RIP 

All steps were performed at 4* C, except for high performance liquid chromatography (HPLC) which was 
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performed at room temperature. Rve hundred grams (500 g) of finely ground mature maize kernels wer 
extracted for at least 2 hour and up to 24 hours (hr) with 1500 ml. 25 mM sodium phosphate. pH 7.2 (PB) + 
50 mM sodium chloride. After the extract was strained through several layers of cheesecloth, the protein 
precipitating between 55 percent and 85 percent ammonium sulfate was collected and redissolved in PB, 

5 then dialyzed overnight against the same buffer. The solution was clarified by centrifugation and applied to 
a 2.5 X 10 centimeter (cm) DE-52 cellulose column equilibrated with PB. The protein passing straight 
through the column was collected and applied to a Mono S 10/10 column (Pharmacia LKB Biotechnology. 
Piscataway. NJ) equilibrated with PS. and eluted with a linear gradient of 0 to 200 mM sodium chloride in 
PB over 90 min at 2 milliliter/ minute (ml/min). Alternatively, the protein can be precipitated with 85 percent 

10 ammonium sulfate and dialyzed overnight before applying to the Mono S 10/10 column. 

Fractions containing ribosome inactivating protein activity (as measured by rabbit reticulocyte protein 
synthesis assay, described above) were pooled and concentrated to 0.5 ml in Centricon-10 devices 
(Amicon, Danvers. MA), and applied to a Superose 12 column equilibrated in PB (Pharmacia LKB 
Biotechnology) at a flow-rate of 0.4 ml/min. Fractions containing ribosome inactivating protein activity (as 

75 measured by a rabbit reticulocyte protein synthesis assay, described above) (the first major peak) were 
pooled. At this stage, the RIP was usually quite pure as identified by SDS-PAGE (see Laemmli (1970), 
supra). If necessary, further purification can be achieved by applying the protein to a Mono S 5/5 column 
(Pharmacia LKB Biotechnology) equilibrated with PB and eluted at 1 ml/min with 0 to 50 mM sodium 
chloride in PB over 5 min, then 50 to 200 mM sodium chloride in PB over 25 min. 

20 Results from a typical purification are presented in Table 5. The effect of purified maize aff RIP on 
mammalian protein synthesis is shown in Rgure 2. 



Table 5 

25 



30 



35 Purlllcatlon of maize RIP from mature kernels 



Step 


Protein 
(mg) 


Total units' 
X106 


Yield 

{%) 


Fold 
Purification 


ICSD 

(ng/ml) 


Crude extract 


8816 


384 


100 


1.0 


323 


85% Ammonium sulfate 


1010 


115 


30 


2.0 


161 


post-OE52 treatment 


428 


144 


38 


5.9 


54 


Mono S 10/10 pool 


10.2 


58 


15 


102 


3.2 


Superose 12 pool 


1.8 


33 


8.6 


327 


0.99 


Mono S 5/5 pool 


1.32 


32.4 


8.4 


436 


0.74 



1 . One unit of activity is the amount of protein required to produce 50% inhibition in the rabbi! reticulocyte 
!ysate protein syninesis assay. 



55 

A. Rabbit Reticulocyt Cell-Free Protein Synthesis Assay 

The inhibitory activity of the maize RIP toward mammalian protein synthesis was m asured in a 
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rabbit reticulocyte lysate system following th procedures of Pelham and Jackson (se (1976). Eur. J. 
Biochem. . 67:247-256). 

A mix of the following reagents was prepar d (2.5 milliliter (ml) total volume): 125 microliter (ul) 200 
mM Tris-HCI. pH 7.6 + 40 mM magnesium acetate + 1.6 M potassium chloride; 12.5 ul 3 mM hemin 

5 hydrochloride in 50 percent ethylene glycol; 1 .0 ml untreated rabbit reticulocyte lysate (Promega. Madison. 
Wl); 1.0 ml H2O; 62.5 ul amino acid mix; 125 ul 20 mM ATP + 4 mM GTP; 125 ul 200 mM creatine 
phosphate; 50 ul 2.5 mg/ml creatine phosphokinase in 50 percent ethylene glycol. The amino acid mix 
contained 50 uM of each amino acid except glycine (100 uM), arginine. isoleucine. methionine and 
tryptophan (10 uM each) and contained no leucine. All stock solutions were previously adjusted to pH 7.5 

70 prior to addition. 

Five microliters (5 ul) of appropriate dilutions of samples to be assayed were placed in the wells of a 
96-well plate and 50 ul of the mix added. After 10 minutes, 50 nanoCuries (nCi) ^*C-leucine in 10 ul was 
added to each well. After a further 10 minutes (min.). the reaction was quenched with 10 ul 1.5 M potassium 
hydroxide and incubated for 45 min. Twenty-five microliters (25 ul) of each sample was then pipetted onto 
75 individual 2.1 cm Whatman 3 MM paper disks (Whatman. Clifton. NJ) and after drying for 2 to 3 min, the 
disks were washed successively by swirling in a flask with 250 ml 10 percent trichloroacetic acid. 250 ml 5 
percent trichloroacetic acid (twice), 125 ml ethanol, 250 ml 1:1 ethanol/acetone, and 125 ml acetone. After 
drying, the filters were placed in vials with 10 ml scintillation cocktail and counted. 

20 B. Antisera and Western blot analysis: 

The a and 0 polypeptide bands were cut from 3 millimeter (mm) SDS-PAGE gels after brief staining 
with Coomassie blue and were electroeluted using an electroelution device (Bio-Rad, Richmond CA) 
according to the manufacturer's directions. The polypeptide preparations were then used to immunize 
25 rabbits to yield polyclonal anti-sera (prepared by RIBl Immunochem, Montana). 

Western blots from PhastgelsTM reagent (Pharmacia LKB Biotechnology) were performed by removing 
the gel from the plastic backing and then electroblotting onto Immobilon paper (Millipore Corporation. 
Bedford. MA). Blots were developed using the maize a0 RIP primary antiserum at 1:20CX) dilution and 
alkaline phosphatase-conjugated goat anti-rabbit secondary antibody (Bio-Rad). according to the manufac- 
30 turer's instructions. 

Example 2: Isolation of Maize proRIP 

The polyclonal antisera against the a and j3 fragments were used to identify a common 34 kD precursor 

35 polypeptide in crude extracts of maize kernels (maize proRIP). The presence of the maize proRIP was 
monitored during subsequent purification by Western blot analysis as set forth above. All steps of the 
purification were performed at 4* C, except for HPLC which was performed at room temperature. 

Two hundred fifty grams (250 g) of immature maize kernels were homogenized in 600 ml 25 mM 
sodium phosphate, pH 7.2 (PB) + 5 ug/ml antipapain. After the extract was strained through several layers 

40 of cheesecloth, the protein precipitating between 45 and 80 percent ammonium sulfate was collected and 
redissolved in 15 ml PB, tiien passed over a 2.5 x 15 cm Sephadex G-25 column (Pharmacia LKB) 
equilibrated In PB. Fractions containing protein were pooled and diluted to --60 ml with water. The solution 
was applied to a Q-Sepharose (fast-flow) column packed in a 10/10 FPLC column (Pharmacia LKB 
Biotechnology) equilibrated with PB. and eluted with a 0 to 300 mM NaCI gradient at 2 ml/min over 75 min. 

45 Fractions containing the 34 kD precursor were pooled and concentrated by a Centriprep 10 device (Amicon) 
to 1.5 ml. This was diluted four-fold with water and applied to a Mono Q 5/5 column (Pharmacia LKB 
Biotechnology) equilibrated in PB. The column was eluted with a 0 to 250 mM NaCI gradient over 60 min. 
Fractions containing the 34 kD polypeptide were pooled, concentrated to 0.5 ml and applied to a Superose 
12 column (Pharmacia LKB Biotechnology) equilibrated in PB. The major peak from this column contained 

50 the 34 kD maize RIP precursor and appropriate fractions were pooled and stored at -20* C. 

Example 3: PAGE Analysis of Maize afi RIP and proRIP 

SDS-PAGE was performed with a PhastsystemTM reagent (Pharmacia LKB Biotechnology) using 20 
55 percent PhastgelsTM reagent and following the manufacturer's instructions. Native PAGE was performed at 
pH 4.2 as described in the PhastsystemTM reagent application file no. 300. method 1 (Pharmacia LKB 
Biotechnology). 

SDS-PAGE of highly purified, active maize RIP exhibited two polypeptides an a fragment (16.5 kD) 
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and a ^ fragment (8.5 kD) under both reducing and non-reducing conditions. A singi band was seen in 
native PAGE analysis of purifi d, active nnaize afi RIP. The minimal Mr value of th associated, native 
maize o/5 RIP was therefore 25 kD. 

By SDS-PAGE, highly purified maize proRIP migrated with a value of 34 kD. 

5 

Example 4: In Wfro activation of Maize proRIP by Papain 

A purified sample of proRIP was incut^ted at 0.5 mg/ml with papain, a plant thiol protease, at 0.01 
mg/ml in sodium acetate buffer, pH 6 containing 2 mM dithiothreitol. After 1 to 2 hours at room temperature, 
10 the 34 kD proRIP was digested to a stable product exhibiting a polypeptide pattern almost identical to that 
of native, active maize afi RIP. There was a concomitant increase in ribosome Inactivating activity in the 
incubation; the undigested proRIP had no ribosome Inactivating activity up to 2 ug/ml, whereas papain- 
treated proRIP had an ICso of <80 ng/ml. In contrast trypsin had no effect on maize proRIP. 

75 Example 5: Chemically-determined amino acid sequences 

A. N-Termlnal Amino Acid Sequences of Maize RIP a fragment and | 

A sample of maize RIP was electro phoresed by the method of Laemmli (1970). supra) in 1.5 mm 
20 thick gels and the gel electroblotted onto Immobilon PVDF paper (Millipore) using a TransphorTM apparatus 
(Pharmacia LKB Biotechnology). The paper was stained briefly with Coomassie blue and the bands 
corresponding to the 16.5 and 8.5 kD polypeptides were cut out. These were N-terminal sequenced directly 
from the PVDF paper using an 470A gas phase sequencer (Applied Biosystems, Foster City, CA). The 
following data was obtained (bracketed residues denote lower confidence assignments): 
25 N-Terminal sequence of a fragment: 



KRIVPKITEIFPVEDANYPVSAFIA[G]VX 



An additional minor species (-20 percent of the total species) had an N-Terminal sequence of: 
35 A Q T N K(L]I V P K 



N-Terminal sequence of /9 fragment: 

40 

AADPQADTKSXLVKLVVM S/C EGLXFNTV 
S 

45 

B. o fragment C-Terminal Amino Acid Sequence 

The carboxy-terminal amino acid sequence of the a maize afi RIP a fragment was determined using 
sequencing grade carboxypeptidase P from PeniciHium Japonicum (Boehringer Mannheim, Indianapolis. 
50 IN). A sample of 16.5 kD polypeptide was purified by reverse-phase HPLC using a Vydac 5u C4 4.6 x 30 
mm RP column. The column was equilibrated with 0.1 percent trifluoroacetic acid (TFA), and eluted with 0 
to 40 percent of 0.1 percent TFA + 80 percent acetonitrile over 8 min, then 40 to 60 percent of 0.1 percent 
TFA + 80 percent acetonitril over 20 min. The j8 fragment elut d after 21.9 min. and the a fragment eluted 
after 23.3 min. 

55 A lyophilized sample of the a fragment was dissolved in 20 mM sodium acetate, pH 5.8 + 4 M urea. 
The digestion mix contained the following in 0.1 ml: 1.6 ug carboxypeptidase P, 66 ug ^ fragment, 0.12 M 
sodium acetate pH 4.2, 0.8 M ur a. After 1, 5. 15. 60. 120 and 480 min. duplicate 8 ul aliquots from th 
digestion wer added to 8 ii\ OA M sodium borate, pH 10.5 and frozen on dry Ice. 
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Amino acid analysis was performed essentially as described by Jones (1986), In: Methods of Protein 
Microcharacterization (ed.) J.E. Shively. Th following sequenc is obtained: NH2 -Asp-Leu- Ala-(Lys)n- 
COOH. where n = 2-4. This was the carboxy terminus of the a polypeptide, therefore this and the N- 
terminus sequence of the 0 fragment define the linker region contained in the precursor (see amino acid 
5 sequence derived from cDNA in Table 1). 

C. N-Terminal Amino Acid Sequence of Maize proRlP 

No N-Terminal sequence data was obtained from a sample of the 34 kD maize pro RIP indicating that 
70 this polypeptide is N-terminal blocked. 

Example 6: Isolation and Characterization of cDNA for Maize proRIP 

A. Isolation 

15 

Immature kernels from field grown Pioneer hybrid 3737 were harvested, shelled from the cob. and 
stored at -20* C. Ten grams (10 g) of kernels were frozen in liquid nitrogen for several minutes then ground 
to a powder in a Waring blender. The powder was suspended in 20 ml of ice cold TENS buffer (10 mM Tris 
pH 7.4. 1 mM EDTA, 0.5 percent SDS. 0.3 M NaCl) and extracted immediately with an equal volume of 

20 phenol-chloroform-isoamyl alcohol (25:24:1) saturated with TENS buffer. The aqueous phase was collected 
and extracted three more times with fresh phenol mixtures. 

Nucleic acids were precipitated from the aqueous phase by adjusting it to 0.3 M sodium acetate pH 5.5 
and adding 2.5 volumes of 100 percent ethanol. Nucleic acids were collected by centrifugatlon and 
suspended directly in 1 ml phenol-chloroform-isoamyl alcohol plus 1 ml TENS and extracted by vortexing. 

25 The nucleic acid was precipitated from the aqueous phase by ethanol precipitation as above. The 
precipitate was collected by centrifugatlon and resuspended in TE buffer (10 mM Tris pH 7.4, 1 mM EDTA). 
Single strand nucleic acid was precipitated by adjusting the solution to 2M LiCI and incubating for 4 to 12 
hours at 4 ' C. Centrifugation yielded a pellet which consisted of between 2.2 to 2.5 mg of total RNA. 

Poly(A)-containing RNA was enriched from the total RNA sample by using Hybond mAPTM mRNA 

30 purification affinity paper (Amersham Corporation, Ariington Heights IL). The supplier's protocol was 
followed. Typically 5 to 10 ug of poty(A) enriched RNA were recovered per milligram of total RNA. 

Five micrograms (5 ug) of poly(A) enriched RNA were converted into double stranded cDNA using a 
cDNA Synthesis™ kit (Pharmacia LKB Biotechnology). The cDNA was ligated into the cloning vector 
Lambda gtll (Stratagene Inc., La Jolla CA) following the supplier's instructions. Packaging of the ligated 

35 vector-insert mixture was done with the Gigapack plus packaging extract (Stratagene, Inc.) again following 
the supplier's protocol. 

The PicoBlue ImmunodetectionTM kit (Stratagene, Inc.) was used to screen the Lambda gtll maize 
kernel cDNA library using rabbit polyclonal antisera raised against the maize proRlP, as described above. 

Positive clones were purified to homogeneity and the cDNA inserts characterized by Eco Rl restriction 
40 enzyme analysis. One of the largest Eco Rl generated cDNA inserts (about 1.100 bp) was ligated into the 
Eco Rl site of plasmid pUC19 (Bethesda Research Labs. Gaithersberg. MD). Clones carrying the proRIP 
cDNA insert in both orientations were identified by restriction digestion and used for large scale plasmid 
purification. 

45 8. Sequencing the maize proRIP cDNA 

The nucleotide sequence of the proRlP cDNA (set forth in Table 1) was determined by dideoxy chain 
termination sequencing using the SequenaseTM DNA sequencing kit (United States Biochemical Corp., 
Cleveland Ohio). The double stranded pUCl9-RIP was used as template following the manufacturer's 
50 instructions. The first round of sequencing was initiated by the M13/pUC forward sequencing primer 
(Bethesda Research Labs ). Subsequent primers were derived from the sequenced maize proRlP cDNA. 
Both strands of the cDNA were fully sequenced at least once. 

Th open r ading frame encoding th afi RIP protein was confirmed by comparing the cDNA deduced 
amino acid sequence (set forth in Table 1) to the chemically determined protein sequence data. 

55 

Example 7: Expression of Maize proRIP and Derivatives in Escherichia coti 

Various genetic derivatives of maize proRIP may be expressed in E.coli and tested for ribosome 
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inactivating activity. A summary of several constructions and their properti s is given below. 

A. R34 (set forth in Table 6 below) r pr sents the Intact recombinant proRIP gen which encod s a 
protein of Mr 33.327 and as expected is not a potent inhibitor of protein synthesis. Upon papain treatment it 
is processed into two associated polypeptides (of approximately 17 9 kD) by SDS PhastgelTW analysis) 
5 with very potent ribosome inactivating activity. N34 represents the native proRIP as isolated from nature. 



Table 6 



10 



R34 DNA Sequence: The Maize ProRIP ONA Engineered for Expression In 
Eschorichla coll 
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TTAAGCTTAA 


AAGGAGGAAA AAAATTATGG 








51 


AGTGATCTTA 


TGGCGCAAAC 


AAACAAAAGA 


ATAGTGCCAA 


AGTTCACTGA 


AATCTTCCCC 


25 


121 


GTGGAGGACG 


CGAACTACCC 


TTACAGCGCC 


TTCATCGCGT 


CQGTCCGGAA 


AGACGTGATC 




181 


AAACACTGCA 


CCGACCATAA 


AGGGATCTTC 


CAGCCCGTGC 


TGCCACCGGA 


GAAGAAGGTC 




241 


CCGGAGCTAT 


GGTTCTACAC 


AGAGCTCAAA 


ACTAGGACCA 


GCTCCATCAC 


GCTCGCCATA 




301 


CGCATGGACA 


ACCTGTACCT 


CGTGGGCTTC 


AGGACCCCGG 


GCGGGGTGTG 


GTGGGAGTTC 


30 


361 


GGCAAGGACG 


GCGACACCCA 


CCTCCTCGGC 


GACAACCCCA 


GGTGGCTCGG 


CTTCGGCGGC 




421 


AGGTACCAGG 


ACCTCATCGG 


CAACAAGGG7 


CTGGAGACCG 


TCACCATGGG 


CCGCGCCGAA 




ABl 


ATGACCAGGG 


C TC AACG A 


CCrSGCGAAG 


AAGAAGAAGA 


TGGCGACACT 


GGAGGAGGAG 


35 


541 


GAGGTGAAGA 


TGCAGATGCA 


GATGCCGGAG 


GCCGCTGATC 


TGGCGGCGGC 


GGCAGCGGCT 




501 


GACCCACAGG 


CCGACACGAA 


GAGCAAGCTG 


GTGAAGCTGG 


TGGTCATGGT 


GTGCGAGGGG 




661 


CTGCGGTTCA 


ACACCGTGTC 


CCGCACGGTG 


GACGCGGGGT 


TCAACAGCCA 


GCACGGGGTG 






ACCTTGACCG 


tgacgcaggg 


GAAGCAGGTG 


CAGAAGTGGG 


ACAGGATCTC 


CAAGGCGGCC 


40 


"31 


TTCGAGTGGG 


V.TGACCACCC 


v.-L^ ^ . wTG 


AXCCGGGACA 


TGCAGAAGCT 


TGGCATCAAG 




:41 


3ATAAGAACG 


AAGCAGCGAG 


vjATCGTTGCG 


CrCGTTAAGA 


ATCAAACTAC 






>01 


3CTACTGCTG 


C-2AGTGCTGA 


CAACGACGAC 


GACGAGGCCr 


GATCAATGCA 


ACGACACATC 


45 


r61 


ATGATCTGCT 


G-wTGCACTTA 


ATTACTATGT 


TCGTATACAA 


ATAAATACAC 


CCGGCGTACG 




1021 


CGGTGTTCCT 


TATATGGTCT 


.\AAATGTAGC 


CAGTAAATTT 


TAAACTACT? 






1081 


AATTCACT C-G 













50 Expression of the recombinant maize proRIP in E. coli was accomplished by engineering the cDNA via 
PGR amplification. A 5' primer was synthesized which contained termination codons in all three reading 
frames to stop translation of vector-encoded proteins upstream of the maize proRIP cDNA. The primer also 
contained a Shine-Dalgarno sequenc several bas pairs upstr am of an ATG start codon followed by 23 
bases which were homologous to the maize proRIP cDNA. The 3* primer spans the 3' cDNA end-pUC19 

55 junction (the prim rs were shown by th und rlined regions set forth in Table 6). PGR amplification of th 
cDNA in pUC19 using th GeneAmpTM kit (Perkin Elmer-Getus, Norwalk, CT) yielded a predominant 
amplification product of approximately 1100 base pairs, as expected. 

The engineered, amplified product, was purified from an agarose gel and ligated into the filled-in Hind Ml 
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site of the expression vector pGEMEX-1 (Promega Corp., Madison, Wl) to giv plasmid pGR, s t forth 
below. 



5 



70 



75 




This was transformed into E.coli DH5a (Bethesda Research Labs). Plasmids containing the maize 

20 proRIP cDNA were isolated by colony hybridization (see Sambrook et a/., supra) with a 5' maize proRIP 
cDNA probe and characterized. Those containing the cDNA probe for the maize proRIP in the correct 
orientation were tested for expression. Plasmids were transformed Into competent E. coli JM109(DE3) 
(Promega Corp.. Madison, Wl), transformed cells were grown In 15 ml cultures under ampiclllin selection to 
an optical density at 600 nm of 0.4 to 1.0. Isopropylthio-^-galactoside (IPTG) was added to 1.3 mM to 

25 induce the production of recombinant proRIP and the cultures were grown an additional 4 hours at 37 °C- 
The cells were collected by centrifugatlon and stored as a pellet at -20* C. 

The protein produced from the maize proRIP cDNA was analyzed by lysing the induced cells in TE 
containing 1 mg/ml lysozyme 37* C for 15 min. The lysate was fractionated into a crude supernatant and 
pellet by microcentrifugation. The fractions were analyzed by SDS-PAGE using 20 percent PhastgelsTM 

30 reagent (Pharmacia LKB Biotechnology). Coomassle blue staining and Western blot analysis of the gels with 
anti-maize proRIP sera identified a 34 kD band which was greatly increased upon Induction of the cells with 
IPTG. Cells not carrying the plasmid or containing the plasmid with the maize proRlP cDNA in the Inverted 
orientation did not contain this 34 kD immuno-reactlve band. The majority of the recombinant maize proRIP 
was contained in the cellular pellet suggesting the material was insoluble under these conditions. 

35 To test If R34 could acquire the folding pattern of N34 the pellet fraction of an induced culture was 
dissolved in 6M guanidine HC! and allowed to denature at room temperature for 3 hours. The material was 
then diluted 200-fold Into ice cold TE and Incubated at 4*C overnight to allow refolding of the denatured 
R34. The diluted material was then concentrated by a Centricon 10 device (Amicon). To test whether 
refolded R34 could undergo the correct proteolytic processing to the fragmented form of the maize proRIP. 

40 the material was treated with 10 ug/ml papain for various times, and samples were analyzed by SDS- 
Phastgel and Western blot analysis. The R34 material was processed to a stable mixture of two immuno- 
reactive bands which comigrate with N34 papal n-p recessed material indicating the correct proteolytic 
processing had occurred. 

In an effort to simplify purification of the R34 polypeptide from induced lysates. the gene 10 coding 
45 region of the pGEMEX-1 vector was removed by cutting the maize proRlP gene-containing plasmid (pGR) 
with Xba 1 and gel purifying the vector/proRlP DNA away from the gene 10 encoding DNA. Reclrcularization 
of pGR. now minus the gene 10 coding region, resulted In a plasmid called pGRi set forth below. 



50 



55 
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5 




75 The plasmid pGRI was transformed into JM109(DE3) cells and tested for production of R34 following 
induction with IPTG. As with pGR, large amounts of R34 were identified in cellular lysates both by Western 
blot and Coomassie blue staining. Unlike pGR, R34 produced from pGRI was soluble and fractionated in 
the supernatant of lysed cells. This soluble material was treated with papain at 10 ug/ml and the R34 
produced from pGRI was cleaved to products which com ig rate with N34, papain-cleaved product. The 

20 papain-treated material inhibited translation of reticulocyte lysates at significantly higher dilutions than the 
untreated material, indicating that the soluble R34 was processed to an active form. 

B. R34-DL represents the proRIP without the linker. The sequences encoding a and 0 were joined 
directly without intervening linker DNA, i.e., nucleotides A-520 to A-594 are deleted. The R34-DL gene 
encoded a 30.6 kD protein which was a potent inhibitor of protein synthesis. Treatment of R34-DL with 

25 papain resulted in a 28 kD polypeptide with increased ribosome inactivating activity over the untreated 
molecule. 

Confirmation that removal of the linker from maize proRIP activated the molecule was obtained 
independently through genetic engineering. The 75 bp linker encoding region of R34 (A-520 to A-594 
inclusive, Table 6) was deleted using PGR amplification. The new construction R34-DL joined directly, In 

30 frame, the DNA encoding both the a and ^ fragments. 

In the pGEMEX-1 system the R34-DL gene directed the synthesis of a polypeptide approximately 30.6 
kD, which was recognized by antisera specific for the maize proRIP. At high dilution, E.coli lysates 
containing R34-DL protein were potent inhibitors of protein synthesis in rabbit reticulocyte lysates. in 
marked contrast to E. coli lysates containing the R34 polypeptide. 

35 These genetic deletion data confirm that removal of the linker served to activate the R34 (proRIP) 
molecule. This experiment also demonstrated that covalent linkage of the a and the /9 polypeptide 
fragments resulted in an active a0 RIP. The maize proRlP did not require a break in the polypeptide 
backbone for enzymatic activity, removal of the linker region was sufficient to confer potent ribosome 
inactivating activity. 

40 In addition, when R34-DL lysates were treated with papain a slight decrease in the molecular weight of 
R34-DL protein is noted (from 30.6 kD to approximately 28 kD). The R34-DL polypeptide remained intact, 
that is. it was not cleaved to the characteristic maize RIP a and j9 fragments. Associated with this small 
change in molecular weight was an increase in protein synthesis inhibition in the E.coli lysates. These data 
indicated that In bacterial lysates removal of the linker region activated the ribosomal inactivating activity of 

45 the protein at least 250-fold, but that additional processing from the ends of the protein increased the 
activity. 

Another genetic construction was made using PGR technology to remove the leader region from R34- 
DL The new construction called R30-DL (nucleotides 0-40 to C-84 and A-520 to A-594 inclusive are 
deleted) encoded a protein (approximately 29.5 kD) which was slightly smaller than R34-DL. E.coli lysates 
50 containing R30-DL appeared to be even more potent inhibitors of protein synthesis than R34-DL lysates. 
Papain treatment of R30-DL containing lysates further enhanced protein synthesis inhibiting activity. 
Following this treatment the R30-DL protein underwent a slight decrease in molecular weight representing 
processing at the ends of the polypeptide.. 

55 ExampI 8: 

A segment of the R30-DL gene was delet d which encodes several acidic r sidues at th carboxy 
terminus of the protein. The deletion was accomplished using the PGR engineering methods. 
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A thermocycler (P rkin-Elmer Cetus, Norwalk. CT) was used for the indicated constructions. A typical 
run was done with a one minut denaturation step, 2 minute annealing, and a 3 minute extension step. 
Temperatures used were 94 *C. 37 *C or 50 *C. and 72 *C respectively. Following 25 cycles the reaction 
was held at 72* C for 7 minutes for extension of unfinished products. 

5 Amplification engineering reactions were done in four separate tut)es of 100 uL each. The tubes were 
combined following amplification. Normally 100 ng of template was included in each tube. DNA primers 
were synthesized on a PGR Mate or 380A DNA synthesizer (Applied Biosystems) and were purified on 
acrylamide gels. Fifty (50) pmol of each primer were Included In each reaction. The reaction conditions for 
the amplification were those recommended by Perkin Elmer Cetus (10 mM Tris-HCl pH8.3, 50 mM KCI, 1.5 

10 mM MgCI2, 0.001 percent gelatin, 200 uM dNTPs and 2.5 units of Taq DNA polymerase or AmpliTaqTM 
thermostable DNA polymerase). 

Several methods of genetic engineering were employed to produce the genetic derivatives described 
below. The standard methods of DNA purification, restriction enzyme digestion, agarose gel analysis, DNA 
fragment isolation, ligation and transformation were as described (see Molecular Cloning: A Laboratory 

75 Manual, supra and Current Protocols In Molecular Biology. (1 987), supra. 

Enzymes used for the engineering were from one of three manufacturers (Pharmacia LKB Biotechnol- 
ogy; Bethesda Research Labs; or New England Biolabs, Beverly, MA). Buffers and protocols used were 
provided by the manufacturer. 

Using PGR introduced engineering, a modified RIP fragment Is amplified from an RIP plasmid template, 

20 purified, then used to replace the unmodified region In the RIP gene. All fragment replacements were done 
in RIP genes already inserted into a pGEMEX expression plasmid. 

A pGEMEX plasmid containing R30-DL, which had the 3* half of the gene removed by Nco I and Stu I 
digestion followed by gel purification was used as the template for PGR. The 3* half of the RIP gene was 
replaced with the PGR modified fragment described below. 

25 A 3' PGR primer was synthesized which encoded the 7 amino acid deletion near the carboxy temninus 
and introduced a new unique Bam HI site. The 5' primer directed the deletion of the a0 linker and Included 
a Nco I site. The sequences of these primers is given in Table 7. The primers were used to amplify a 
modified DNA fragment from a pGEMEX R34-DL template. The amplified fragment was phenol extracted 
and ethanol precipitated. The insert DNA was cut with Nco I and ligated Into the pGEMEX-R30-DL vector. 

30 

Table 7 

Polymerase Chain Reaction primers for RDT. 

35 



40 

T«bl« 7: P o >y MW — Owln RMCtton prunara for RDT. 

Acc r:: acc zcz czz zzz :aa a:g acc acc ccc ctc .\ac =ac rrc zr.z aac 
-AC AAC AAC zzz OCT 'AC c:a :ag :;cc cac acc aag acc 

3' Pnmgr 

50 The new RIP gene derivative is called RDT and encodes a protein of predicted a 28,233 Daltons and pi 
-9.5. The RDT gene encodes a protein with a truncated leader, deleted linker and truncated carboxy 
terminus. 

Th DNA sequenc for RDT is shown in Table 8. 

55 
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Table 8 

Nucleotide sequence and deduced amino acid sequence of 
the maize RIP derivative RDT 



10 



Tabltt 8 : HueiMtid* Mqu«ne* and dadimd amine 

» ot ths miiu RIP dchvtf R« ROT. 



75 rrrTAOlTCCGSCCTAATTAATTAAOCTTMWttGACCAAAAAAArr ATC 

yet 



20 



25 



30 



35 



40 



45 



5 4 


AAA 


ACA 






CCA 


AAC 




ACT 


CAA 






CCC 




CAC 


CAC 


CCC 


AAC 






AT? 


lie 


va. 




-y» 


f -e 






11a 


?rxm 


Pro 


Val 




ASO 


Ala 


Asn 


1 "5 






T.*,C 








ATC 


sec 








AAA 


CAC 


CTC 


ATC 


AAA 


CAC 


■ 1 










*.a 






A.J 


ier 


-jl 


AT!? 


Lys 


ASS 


val 






lils 








CAC 


-A. 


AAA 


CCC 


ATC 




CAC 








CCA 


CCC 


CAC 


AAC 


AAC 












-/* 


Cly 


I le 


r^.e 


Gl- 


? r3 


Val 


Lau 




? ro 




Lys 


Lys 


::? 






OAC 


CTA 








ACA 


CAS 




AAA 


ACT 


ASS 


ACC 


ACC 


TCC 


ATC 


:3 


val 




Gla 


le J 


~rp 




TV? 






l^u 


Ly» 


Thr 


Arg 


Thr 


ser 


Ser 


He 


258 


ACC 




CCC 


ATA 


CCC ATC 


CAC 


AAC 




TAC 


CTC 


CTC 


CCC 


TTC 


ACC 


ACC 


CCC 


70 


Thr 


L»u 


Al« 


lit 


Axq H«L 


Asp Asn 


LSU 


ryr 


Lau 


Vai 


Giy 


Phs 


Anj 


Thr 


Pro 


3C9 




CCS 


CTC 






CAC 




CCC 


AAC 


SAC 


CCC 


CAC 


ACC 


CAC 


CTC 


CTC 


sec 


37 


Sly 


c;y 


V«i 




Trp 


Clu 


?r.e 


Cly 


Lys 


Asp 


Cly 


Asp 


Thr 


His 


Lau 


Leu 


Cly 


360 


GAC 


AAC 


CCC 


ACC 


TCC 


CTC 




TTC 


CSC 




ACC 


TAC 


CAC 


CAC 


CTC 


ATC 


CCC 


104 


Asp Asn 


Pre 


ArQ 


Trp 




Cly 


Phs 


Cly 


Cly 


Artj 


Tyr 


Gin 


Asp 


Lau 


tla 


Cly 


4U 


AAC 


AAC 


OCT 


CTS 


GKC 


ACC 


CTC 


ACC 


ATC 


GOC 


COC 


OOC 


GM 


ATC 


ACC 


ACC 


OCC 


in 




61y 


Lw 


Clu 


Thr 


val 


TTir 


Mac 


ciy 




Ala 


ClO 




rttr 


Arg 


Ala 




GTC 


AAC 


G»C 


CTC 


GOB 


AAC 


AAC AAC AAC 


ooc 


CCT 


CAC 


CCA 


CM 


CCC 


CAC 


ACC 


131 


Val 


Asa 


A»p 


tM 


AI« Lys 


Ly« Lys Lys 


Als 


Ala 




Pro 


Ola 


Ala 


Aap 


Tttr 


::3 






AA3 






AAC 








ATC 


CTC 


TOC 


CAC 


CCC 


CTC 


CCC 


TTC 


133 


-y« 


amr 


Ly« 




vai 


Ly» 


LSU 


vsi 


vai 


HSt 


Vai 


cys 


GlU 


Cly 


Lau 


Arg 


Pha 




AAC 


ACC 


CTG 




CCC 


ACC 




SAC 




CCC 




AAC 


ACC 


CAC 


CAC 


CCC 


CTC 


: -2 


Asn 


Thr 


vai 


S«r 


Axg 


Thr 




Asp Ala 


Gly 


Pha 


Asn 


Smz 


Gin 


His 


Cly 


Val 








ACC 




ACS 


CAC 




AAC 






CAC 


AAC 




CAC 


ACC 


ATC 




.3? 


T^r 






Va* 








-ys 




Val 


Gin 


Lys 


Trp 


Asp 


Arq 


[le 


Ser 




AAC 




sec 




SAC 






:ac 






ACC 


CCT 




ATC 




SAC 


ATS 






Ala 


Ala 


f 








AiZ 


.-. : s 


?ro 




Ala 


Val 


lie 


Pra 


ASD 


yet 






AAC 








.*AC 




AAC 


AAC 


SAA 


CCA 


CCC 


ACC 


ATC 












-y* 


l^u 


s.y 


lie 


■_V 5 


Ass 


-V * 


A sr. 




Ala 


Ala 


Arg 


1 le 


Val 


Ala 


lej 








AAT 
















ACT 




















Asn 








A. ^ 






Ala 




Ala 


Cly 


Ser 


Ala 


Zr.Q 





ATSCAACCACACA?CATSATCTSCTCrTSCACTT.5w\7TACTATCrrCCTATACAAATAAATACACCC 
:SCSTACSCSCTSrr TTTT'.TATS ST r- -.AAA TSTASCCACTAAATTTTAAACTACTTTrrcSTSCC 
JAATTCACTCCCCCCCATSCTATATA 



50 



The RDT gene, expressed in E.coli using the pGEMEX system described above, was purified from 
bact rial lysates to apparent homogeneity. RDT protein appears to be a more potent inhibitor of protein 
synthesis than R30-DL. Using the reticulocyte lysate protein synthesis assay, purified RDT has a IC50 value 
55 of 1 ng/ml. 

Example 9: 
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RDT was further engineer d to produce another gene caJled RDT-NP. This construction differs from 
RDT in having two unique restriction sites engineer d into the gene. The sites were introduced using PGR 
methods described in Example 8. The PGR primer was designed such that it included th desir d change 
and a unique restriction site in the maize RIP DNA sequence. A 99 bp primer which introduced the Not I 
5 and Pst I sites at the 3* end of the primer and had to be built back to the unique Nco I site for cloning 
purposes. The primers for the amplification are shown in Table 9. 

Table 9 

10 

Polymerase chain reaction primers for RDT-NP. 



75 



Ttbto t: P oly i wf — cluin rsaetion pnm«rt tor ROT-NP. 

20 S'Primar 

;• CTC xzz Azz zzc ZZZ '.'z : \zz >zz zzz rrt i>.c cac ct: zzz -xz 

'•_xc f-AZ !-j^z ZZZ ZZZ zzz ::: .:* :a: zz.\ zy~ zzz zac acg aac 

T Primm 

25 

The restriction sites {Not I and Pst I) correspond to the site of the alpha/beta linker insertion in the RIP 
polypeptide. RDT-NP allows DNA segments encoding various polypeptide linkers to be inserted into the 
gene and tested for their ability to create an inactive, yet protease activatable RIP. The sequence for RDT- 
30 NP is shown in Table 10. 
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Table 10 

Predicted nucleotide sequence and deduced amino acid 
sequence of the maize RIP derivative RDT-NP 



Ttbla 10: PrttdlcM nuctMid* ■■q u « n c» and dddufc— «n 

» ol th« maiu RIP df»r «U ^» ROT-MP 



:rcrXTASATCCSSCCTAAr:AAT7AACC7?AAAXGCACCAAAAAAATr ATS AAA 

ret -ys> 



;7 




ATA 




zzx 


AAC 






rAA 


ATC 
















--'^ 






Pro 


ly« 




rr.r 




: la 




Pro 


Va: 




AX3 


Ala> 




-AC 


TAC 




TAC 


ACC 






ATT 










AAA 


SAC 




•.9 


-.»n 




?ro 


"yr 






r-e 


: .6 


A«a 


S«r 


vai 


Ar5 


-y» 


ASO 


Vai> 


■.47 


^TC 


AAA 


CAC 


TCC 


ACC 


CAC 


CAT 


AAA 


CGC 


ATC 


TTC 


CAC 


ccc 


CT3 


CTC 


33 


a 




nls 


Cy« 




ASO 




Lys 


Cly 


Ue 


Pfie 


GLn 




Val 


Lsu> 


:j2 


;^ 


CCS 


CAC 


AAC 


AAC 






CAC 


CTA 


TCC 


TTC 


TAC 


ACA 


^AC 


CTC 


48 


?ro 


Pro 


Glu 


LV« 


Lys 


Val 


Pro 


clu 


L«U 


rrp 


Ph« 


Tyr 


Thr 


CI- 


1au> 


; 37 


i.\A 


ACT 


ACC 


ACC 


a:;c 




ATC 


ACC 


CTC 




ATA 


CCC 


ATC 


CAC 


AAC 


■^3 




rr.r 


Arq 


Thr 


s«r 


Ser 


: le 


7^.^ 


leu 


Ala 


: 1« 


Aro 




ASO 


Asn> 




— z 


TAC 


crc 


CTC 






ACC 


ACT 


CCC 






CTC 


^ 





CAC 


?e 


'.au 


ryr 




V«i 


c;y 


Pfta 


Arq 


Thr 


Pro 


Cly 


Cly 


Vsi 


Trp 


Trp 


Glu> 


327 


— «. 


ssc 


AAC 


CAC 


ccc 


CAC 


ACC 


CAC 


CTC 


CTC 


CCC 


CAC 


AAC 




ACS 


93 




Cly 


i.y» 


ASP 


Cly Asp 


Thr 


His 


Lmi 


Uu 


Cly 


Asp 


Asn 


Pro 


ArQ> 


37 2 




crc 


ccc 


TTC 




CCC 


ACC 


TAC 


CAC 


CAC 


CTC 


ATC 


CSC 


AAC 


AAC 


lOS 


:rp 


Uu 


c;y 


9tf 


Cly Cly 


Arq 


Tyr 


cm 


Asp 


Uu 


lU 


Cly 


Asn 


Lys> 


417 




CTC 


CAC 


ACC 




ACC 


ATC 


ccc 


CGC 


CCC 


CAA 


ATC 


ACC 


A3S 


CCC 


'.23 


'*y 




c:u 


ritr 


Val 






Cly 


Arq 


Aia 


Glu 






Arq 


Aia> 






















Not I 




- s: 






462 




AAC 


CAC 


CTC 




AAC 


AAC 


AAC 


AAC 










CCA 


CAC 






Asn 


AJO 


^eu 


a;s 


lyi 


lys 


lys 




Ala 


Ala 


Ala 


A. a 


Ala 


AsO 








A. A 


A>o 
















Ic. 


.« . 










- • 5 




- r 














:er 


Arc 






A»C> 


































.n 


• .a 






Aan 










• a i 




le J 




.a . 




zi-> 


-si 




















ATT 












•.?a 


-'-/ 


->'* 




val 








A S3 


ACQ 


11c 


5er 


Ivs 


Ala 


r .a 


.--e> 


-3 7 




















ATC 


















Ala 










A. a 


Va . 




zo 




r.ai 




1. 3^ 


:'32 




GSC 


ATC 


AAC 


CAT 


AAC 


AAC 


CAA 


CCA 


CCC 


ACC 










:28 


leu 


Cly 


lie 




Asp 




Asn 


CI J 


Ala 


Ala 


Arq 


Il« 


Vai 


Ala 


liau> 






AAC 


AAT 


























.4 3 




Lys 


Asn 








A- a 


Aia 


Ala 


Aia 


tnr 




Cly 


£#r 


Aia> 



45 



i 2 2 T::ATCAATCCAACCACACATTATC.\T TTCTTCCTCCACTT.\ATTAC:ATCTTTrTATACA 

50 iS2 -ATAAATACACCTCCCCT ACCCCCTTTTTTTTATATCCTCTAAAATCTACCCATTAAATT 

•■: ; ""\AACTACTTT— TrrrrrCAArTT.'.rrr — CCCCATCCTATATA 

The RDT-NP polypeptide had a predicted molecular weight of 28.446 Daltons and pi of 9.5. Crud 
55 lysates of E.coti expr ssing RDT-NP from a pGEMEX vector ar potent inhibitors of ukaryotic protein 
synthesis. 



ExampI 10: 
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To create an RIP molecule which would bind to immunoglobulin IgG, a single Antibody Binding Region 
(ABR) domain from the Staphylococcus aureus antibody binding Protein A was subcloned from th plasmid 
pRIT5 (Pharmacia LKB Biotechnology) using PGR techniques. The antibody binding domain of protein A 
(ABR-A) was PGR engineered to have a Bam HI site at its 5* end and a Bgl I) site at it's 3* end. This allowed 
5 insertion of the ABR-A domain into the RDT Bam HI site while retaining the unique Bam HI site. The 
sequence of RDT-A is shown in Table 1 1 . 
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Table 11 

^ Predicted nucleotide sequence and deduced amino acid 

sequence of RDT-A. 

««t Ly«> 

--ZA MK C*' ZZX AAC TTC -*T CAA ATC TT- rCC CTC SAC CAC CCZ 
10 Ar^ Va. ?r; -y« rr^« r.'.r 31- 1 1* ?r.« ?ro v«i clu aso Ai«> 

::2 .\AC 7AC cr: TAC «C sec TTT ATC CCG TCS GTC CSS AAA CAC CTC 

:5 Am Tyr Pr3 :yr s«r a:* i:« au s«r v«i Arq Lyi A«p v«i> 

•.n ATC AAA CAC TSC ACC SAC CAT AAA CCC ATC rrC CAC CCC CTC CTC 

;j Lv« "i« A«p -••is ly» Cly ::• Ph« Gin Pro v»l Uu> 

75 .92 CCA CCG SAC AAC AAC CTC — S SAC CTA TSS TTC TAC ACA CAC CTC 

;a ?ro Pro SI- --a lyi -ai ;rc s:- l«u :rp ?r»« Tyr T.-.r clj Uu> 

:37 AAA ACT ASS ^ZZ ASC TCC ATS ACS CTC SCC ATA CSC ATC CAC AAC 

^2 L/s TMr Arq Trr Scr Scr Thr L«u Al« II* Ar^ n*t Asp A*n> 

:32 CTC TAC CTC 'TS SSC TTC ASS ACC CCS SSC SCC CTC TCC TOC CAC 

~9 l«tt Tyr L«tt V4l Cly pn* Arg 7tir Pro Cly Cly v«i Trp Tip Glu> 

Ul rtCOCCAAfiSACOCCCXCACCCACCTCCrCOOCOCAACCCCMK 
» Phft Gly Lys Asp Cly Asp Tr.r Hla Lau Lsu Cly Asp Asa Pro Ar9> 

372 TOCCTCCOCTTCOCCGOCAOSTAC CAC CAC CTC ATC OOC AJC AAC 

;oa Tip Utt Gly P^o Cly Cly Ar^ Tyr CIa Asp Lsu llm Cly Asn byft> 

j:7 SST CTC CAS ATC CTC ACC A73 SSC C3C SCC CAA ATC ACC ACC CCC 

25 ;23 ziY Uu Ci- I'.r v«i :r.r >?si Sly Arq Ala Clu Mst Thr Arq Als> 

^62 ::TC AAC SAC CTC SCS AAS AAS AAC AAC CCS CCT CAC CCA CAC CCC 

.38 val Ain Aio Ua Al« Lys lys lys Lys Als AU Asp Pro Cln Al4> 

'AC ACC A-AS f-.ZC AAS Z~Z TTS f-AG CTC STS STC ATS STS TSC SAG 
.:i i;o r*r -tr -ys i. l-z Leu Val .ret vj I Cys s;j> 

laj Ar~ Asn Trr • ». ier Arq T.-.r Vai Asp Aia Siy ?r.e> 

::-7 XAC ASC CAS CAC SSC STS ACC TTC ACC STC ACS CAC CCC AAC CAC 

.53 Vsn s«r Hl» Cly vaL Tr.r L<*j Thr Val Thr Sin Cly Lyi c;n> 

-i2 :TS CAC -AC TSS SAC ASC ATC TTC AAC CCS SCC TTC CAC TCC SCT 

*, :-8 /a; sir. rrs A*o Afa :;a Jer lyi A. a Ala Ciu Tr? Aia> 

-3/ >«- v-fw A\.,- j.u wV- ;*At; a.-j *s:aC AAC CTT 'JSC atc 

y.l AiO rils Jrs ^^^ Ala Va* :.a .* r? Aso .'*si Sin Lys Lau ^ly 

~:2 .^AC CAT AAC AAC CAA CCA SCS ASS ATC STT SCS CTC CTT AAC AAT 

:iB Lys Asp Lys Asn Clu Ala Ala Arq lis Vsl Ala Lsu Val Lys Asn> 

CAA ACT ACT CCC SCT CCC SCT ACT CCT SCA TCC SCT GAT AAC AAT 
^0 m -if^ TT;. 7*. Ala Ala Aia Ala Tr.r Ma Sly S«r Als Asp Asn Asn> 

?:2 :TC AAC AAA CAA CAA CAA AAT STT TTC TAT SAJ^ ATC TTC AAT ATS 

:;3 ;r:e Asn Lys g:j Sin Sin Asn A.* ^r^e C/r CIj :1« Lsu Am Met> 

zil CCT AAC TTA AAC CAA CAA CAA CCC AAT SCT TTC ATC CAA ACC TTA 

;"3 ?ro Asn 1*j Asn Clu SI- Ar3 Asn J,.- ?*.e tie Cln ier Le-J> 

45 1-.: AAA CAT :AC CCA ACC CAA AST CCT AAC CTA TTC Tl\ CAA CCT AAA 

::2 './s *3r Aic .-rt ser c:. -^r ^.a Asr L^j ser :i - Ala Lv-.> 

• ;-js^ :t\ m.t CAA :cT c.*v; •-."A ::z a^^a -^t csa tcc ccc tcatcaa 

::: L.s -sr. ;«r -.s Ass Ats £er Ala £-3< 

: : 3 • - :.',Ac c a : a r a : tat ca tct -tt : -t t : • :tt -.^ t t.^ : t at ttt tttata j.vaa t a.^a 
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RDT-A was expressed in E.coii cells using the pGEMEX system. The resulting polypeptide had a 
55 predicted molecular weight of 35,198 Daltons and pi of 9.2. It was recogniz d by antisera to both protein A 
and maize RIP indicating the chimeric nature of the protein. Crude lysates of bacteria expressing RDT-A 
had potent eukaryotic protein synthesis inhibition activity. 

RDT-A was shown to bind specifically to IgG Sepharose (Pharmacia LKB Biotechnology) following the 
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manufacturer's instructions. Binding was best at pH 7.0. When washed at pH 5.0 the chimeric protein was 
released in smalt but detectable quantities from the resin. RDT alon do s not bind to the gel. 

Example 11: 

5 

To increase the binding ability of the RDT-A to IgG antibodies the Antibody Binding Domain from 
Streptococcal Group G protein G (ABR-G) was synthesized using oligonucleotides. The sequence syn- 
thesized was that of the naturally occurring sequence descrit)ed by Guss et aL ((1986), EMBO Journal, 
5:1567-1575). The only change was the addition of Bam HI and Bgl II sites at the 5' and 3' ends 
10 respectively of the synthetic DNA. 

The ABR-G fragment was inserted into the Bam HI site of RDT-A. Two classes of clones have been 
studied. RDT-G-A contains a single ABR-G domain inserted in the correct orientation between the 3* end of 
RDT and the 5* end of ABR-A. A second class contains two properly oriented ABR-G domains. The 
predicted DNA sequences for the genes are shown in Tables 12 and 13. 
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Table 12 

Predicted nucleotide and deduced amino acid sequence for 

RDT-G-A. 



^ ~-*;^;A7CCCCCCTMTTAATTAACCrrAAAACGACCAAAAAAATT ATC AAA 

25 : '^et Ly«> 

=- iCA a:a z'z -ca aac :tc act oaa atc ttc zzz zzc cac oac ccg 

\cQ Pro Ly« Thr GIj H« ?ro v»i Clu A«p Ai*> 

•^22 AAC TAC err TAC ACC 3CC TTC ATC CCC TCC CTC CaC AAA GAC CTC 
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It AM Tyr rro Tyr S«r Ala 9hm i;« AU S«r Val A£« Vf Aip 



v«i> 



30 17 ATCAAACACTOCACCGACCATAAAOOBATCTTCCMCCCCTCCTC 

33 lim tys Hi» Cy« Thr Asp His Lys Gly lis Phs Cln fro Vsl I«u> 

\92 CCA CCS SAS AAB AAS STC CCS SAC CtH TGS TTC TAC MCA G»C CTC 

U ?co u* J tys **i "To irp ra* tyr thr tflu Uu> 

237 AAA ACT ACC ACC ACC TCC ATC ACS CTC GCC ATA COC AT6 CAC AAC 

63 lya Thr Ara TUT $«r ssr lis Thr iMa Ala lis Acq H»t Asp Asn> 

382 CTC T3*C CTC CTC OOC TTC ACC ACC CCC COC C06 CTO TCB TOO GAC 

78 Uu Tyr Lsu v*l Gly Ph» Arq Thr Pro Cly Cly Vsl Trp Trp CIu> 

327 rrC ODC AAC GMCOOCGACIICCCACCTCCTCGaeGIC AAC OOC 9Ca 

93 pn* Cly Lys Asp Cly Asp Thr His Lsu Lsu Cly Asp Aaa Pro Ar9> 

40 372 TOOCTCaOCTTCOSCCaCAOOtACCMCKCCTCAlCOQCAACMa 

101 Ttp Uu Cly rho Cly Cly Arq Tyr Clo Asp I«« tlm 61y Aca Xv«> 

417 OTCTCGAGAOCCTCAOCATOCCCCOCOCCCAAATBACCAflBOCC 

123 -;y Lsu G;a Thr Val Thr Mst Cly Arq Als Clu Hst Thr atq A1s> 



<62 



vTC AAC SAC CTC 3CC AAC AAC AAC AAC CCC CCT ^ CCA CAC CCC 



-.38 Vsl Asn Aip Lsu AI* Lys Lys Lyi :.y» Ai» AU Asp Pro Gin Aia> 

:ac ACS 3 aoc aas ctc rrc aag ct3 r:c 3tc atc ^c tcc 

•.S3 -so :r:r 1.x Ser ly« Leu Va* L,i '-«u Va; Vai Mst Vai Cys c:-> 

:;y Ara ?he Asn :.*^r va. 5«*r Arq :r.r v»; Asp Ai* Gly ?r.e> 

5Q 11 i,^C ASC I.-.- CAC AC; TT" ACC JTS ACS CAS SCS AAG CAS 

■?3 -.5n £«r H:s -.y Va. :-r .a- rnr Va. T.-.r Sly lys Jl-> 

-42 ■ 7 3 .*,^S TSS ZnZ ACu Arc TCC .\AC SCS ZZZ TTC CAS - j^-> 

; ?9 /al Sir. -?» Trp Asp Aro lie ier lys Ala A. a ?r.s Cij trp Aia> 

-97 :aC CAC CCC ACC SCT STS A7C CCC SAC ATS CAS AAC CTT SCC ATC 

■■ r: ^^.r A.* .a. ..^ .-rt Ajz >?c' Z'.r. Lyi 1^- Sly 11 

T32 AAG GAT AAC AAC CAA CCA CCS ACC ATC (TTT SCS CTC ffTT AAC AAT 

228 lyi Asp lys Asn Clu Ala Ala Arq lit v*l Als Val Lys Asn> 
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CAA ACT ACT CCC OCT CCC GCT ACT SCr CCA TCC AAA CCA CAA CrC 
-.In T^r Thr Ai» Al« AU Al« Thr AU Cly S«r Ly« Pro Clu v«l> 

ATC SAT CCS TTT CAA TTA ACA CCA CCC CTC ACA ACT TAC AAA CTT 
::• AAp AI« S«c c:u L«u rr.r ?ro a«« V41 :-r rsr ?yr -yi Uj> 

3TT ATT >-AT 3CT AAA ACA TTC AAA GOC GAA ACA ACT ACT CAA OCT 

7al ;ie A«a Cly Lyi T^r *-ou Lys -ly Clu T.-.r r^r rr^.r CI- A:a> 

;7t lAT CCT CCT ACT CCA CAA >AA 3TC TTC -AA CAA TAC CCT .-.i.C 
- Ajz a. a A. a :.-.r a.j L.j a. ?re l.s j;- r.r -..i Ai.*> 

:ac r>.c err ctt cac cct c^a tcc act tac ::ac jat ccc act ."-a; 
A50 A*r. vai A«p Ciy y.i :rs Tyr aso Asp a;* rr.r 1,5* 

r~e ..".r 'J. r J.. rrr j.- 1.6 «»□ A. a JcT 

:TA ACA CCA CCC CTC ACA ACA TCC ICT CAT AAC AAT TTC .VAC .^AA 
'.eu r.'.r /r3 A. a Va« Tr.r Ara sar a. a Aio Asn Asn As.-, l/s* 

:AA CAA CAA AAT CCT TTC CAA ATC TTC A.AT ATC CCT ?JiC TTA 

-.Ij C:r. Asn Ala ?re Tyr :.a liCu Am «et Pro Asn Lej> 

•;.c r-.-. c-^ CAA CCC aat c:? t-t -:t --a a:c tta .^aa cat iv; 

\sn jl- Cln Arq Asn J./ rro J..* i«r le- lys Asc Aso 

:CA ACC CAA ACT CCT AAC CTA TTC TCA GAA CCT AAA AAC TTA AAT 
-ro ier Cln Ser A*a Asn Le- i«r O:- A. a lys Lys Leu Asr.> 

CAATCTCAAGCACCCAAAGATCCATCCGCC tSATCMTOCAACCACACA 
Clu 5«r Cln Ala Pro Lys Asp Arq S*r Ala lrA< 

rCATCATCTCCTCCTCCACTTAATTACTATCTTCSTATACAAATAAATACACCCCGCCT 

ACCCCCTCr?CCTTATATCCTCT.\\AATCT.sCCCACTAAATTTTAAACTACTTTCTCCT 
-,CCCAArrCACTOCCCCGCATCCTATATA 
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Table 13 

g Predicted nucleotide and deduced amino acid sequence for 

RDT-G-G-A. 

JTAC A TUIXC I : r A ATTAATTAACCrT A AAACCACSMAAAAATT ATC AAA 

10 it AOiAXASTCCCXAACTTCXCtSAAATCTTCCCCCTCOCGfteaCS 

3 Arg lis v«l Pre Lys Pha Thr Glu II* ?tm Pro Vai Clu Asp Ai«> 

102 Mtf tftC err TAC acc gccttcatcocbtcsgtccqcaaagacctc 
18 Am TVr ?ro Tyr imr Ala Ph« lU AU S«r Val Arq Lys A*p Val> 
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Ul ATC AAA CACTOCACCGACCArAAAGOCATCTTCOUSOCCCTeCTC 

33 ::• Ly« HLs Cys Thr Asp Hii lyt Cly ll« ptM Gin Pro Val t»u> 

l$2 tCACCS^UCAACAAGCTCCrSCACCTATCCTTCTACACACACCTC 

4t ?ro Pro SLu Lys Lys Val Pro Slu L«u Trp Ptio Tyr Thr Clu L«u> 

237 AAA MCT AG6 AOC ACC toe ATC ACC C7C OOC ATA OOC ATC GAC AAC 

U lya T^r Aro Ttir Sor $«r ::• Thr Uu Ala llo Arq hk Asp Asa> 

282 rrSTACCtCCTCGSCrXACSACCCCCGOCCCCGTCTCCTaSGAC 

7i uu Tyr v«l ciy Pha Arq Thr Pro Cly Cly v«l Trp Trp Clu> 

327 rrC CCC AAC CAC GCC SAC ACC CAC CTC CTC CCC CAC AAC CCC ACS 
93 Cly lys Asp Siy Asp Tr.r His L*u Uu Cly Asp Asn Pro Arg> 

372 CTC 35C TTC GCC GCC ASS 7AC CAC CAC CTC ATC see AAC AAC 

108 Trp La J Sly Pha Cly Cly Arq Tyr Cla Asp Lau 11a Cly Asn Lys> 

417 SSTCrCSACACCCTCACCATCCCCCOCGCCCAAATCACCAOeOCC 

123 Cly Lau Clu Thr Val Thr Nat Cly Acq Ala Clu Mac Thr acq Ala> 

4«2 CTC AAC SAC CTC CCC AAQ AAC AAC AAC GCC GCT CMC CCA CMC GCC 

138 Val Asn Asp Lau Ala Lya Lya Lys Lym Ala Ala Asp Pro Cla Ala> 

507 SAC ACS AAO AOC AAC CTC CTC AAC CTC CTC CTC MC CTC 7GC CAC 

30 153 Asp Thr -ya Sar Lya Lau val Lys Lau Val Val Hac Val Cys Clu> 

5:2 -SS Crs tSS rPC AAC ACC ST3 TCC CSC ACC CTC CAC SCS SSC TTC 

168 ::y l«j Arg Pha Asn Tnr Vji Ser Arq Thr Vai Asp Aia Sly Pr:e> 

397 ASS CAC CAC SSC STS ACC TTC ACC CTS ACC CAC CSC AAC CAC 

:?3 -^n Ser KIs Cly vsl Tr-.r leu V*: Tr.r c:- c:y 1/s Jlr.> 

^® *:42 :7S CA- 7SC CAC ASS ATS TCC AAC SC- ZZZ TTC riAS TCS SCT 

- -ys Crr a«o ats 1.3 ior lys Ala A. 4 rr.e : rz A.a> 

■:3 7 :AC Z^.Z :cr ACC SCT CTS ATC CCC CAC ATC CAS AAC CTT ZZZ ATC 

:i3 'io r:s ?:a T*ir Aia Vai :ia ?ro Aso Mat Sin Lys Lsu Jly ;:e> 

"'2 -AC SAT >JxZ AAC SAA SCA CCS ASS ATC CTT CCC CTC CTT .US AAT 

^ - - : _.i Aar. C- .Mj A.j Arr: ^ Vq , /-li lej l.^ ."£"> 

"7 ACT ACT sec SCT CCC CCT ACT SCT SSA TCC AAA CCA CAA CTC 

1^3 r.-.r a. a a.j a; a a:* :.-.r A:a c:y Ser 1/5 ?zz Jl, Va:> 

119 :ia Asp A. A ier Clu lau r^r ?ro Ala Vai T.^r Tr.r T'/r lys leu> 

45 -.SI 'T: ATT -AT CCT AAA ACA TTC AAA CSC SAA ACA ACT ACT CAA SCT 

^'3 '^l Asn Cly lys TMr leu lys Ciy Clu T*r Tr.r Tr.r c;.: Ala> 

J12 :TT sat CCT SCT ACT SCA CAA AAA CTC TTC A^ CAA TAC SCT AAC 

:98 . il .i^= A:a Ala Tr.f A;a SI- lys Val Pr-.e Lys Gift Tyr Ala A5n> 

>57 :aC AAC CCT CTT CAC SST SAA TSS ACT TAC CAC CAT SCS ACT AAC 

:03 \so As- Cly Val Asp Cly Clu Trp Trtr Tyr Asp Asp Ala cr.r ly«> 

---2 'TTTTT 'TA CTT ACT Z^A AA_^ CCA CAA CTC ATC CAT CCC 7TT 7." A 

;i3 :-.r :-r.2 :.-r Va. T.-.- ^.^ i>s rr= Vj. lie Aso A. a 
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Table 13 (cont.) 



5 



70 ^ACACCACCCCTCACXACfcTCCAAAOCA GAA CTC AtC GAT OCC 

333 Utt THr Pro AlA Vai Thr Ar9 S«r Ly* »ro 6Xq VaI lU Aip Ala> 

low TCTGMTTAACACCAGCCCTCACIiACrTACAAACTrcrrAITMr 
3«t 3«r 6lu Lsu Thr Pro Ai« v»i Thr Thr lyr Lys Lm V«1 X1« Am> 

U37 »AAAACA773AAAGSC»AACAAC7ACTGAAGCrcrTGATGCT 

cly Hr» Tiir LM Ly» ciy clu mr tut mr^iv Ala v*i Aip au> 

::K ~ACTOCAGMAAACTCr:CAAACAA?ACCCTAACC»CAACCCT 
37t Ai« Thr Ala Giu Ly« v»i Ly« Gin ryr Ala Kan Acp Aaa Cly> 

1227 ::tt CAC CCT ZAA TCC act TAt CAT 3CS ACT AAC ACC TTT ACA 

353 vj; Asp Gly c:^ :r= :.".r Tyr Asp Asp a: a Thr Lya Thr Pr.a T?.r> 

20 ~ ^ 2^ AAA CCA GAA etc ATC CAT ZZZ TCT GAA TTA ACA CCA 

'Z8 T^r Gl- l.i Pro cl- v*. aid a; a Sar Giu Lau Trir ?r2> 

.~" Z'^ **' "~ -*~ '-^^ ^* "•'^ CAA 

-^s* Asn Lys Glj 3:.-. j:-> 



25 



•A? X . TTt T.\T GAA ATC . . : AAT ATG Cr? .\AC TTA AAC GAA GAA 
\sr. A. a ?r.e T.r Asn «et ?r= Asn Leu Asn Glu Gl-^ 



:.;a c: 



"'-^ - -"A AAA GAT GAC CCA AGG GAA 
Asn r-* ;.i :er laj lys Asp asp ?ro Ser g:-> 

.^52 VTT GCT \AC :?A ~ rz.\ -r: aaa aag tta aat gaa tc? caa 
*^»" >J »e- A. A 1/s l/t Lou Asn c:^ Ser g:.-> 

30 "-^ --^ ^* "^''aa'^caacgacacatcatgatgtgct 

483 Ala Pro Lys Aso Arq Ser A.* ir.a< 

- ; « 9 ^scacttaattactatcttcgtatacaaataaatacaccccccctaccccctcttcc 

€ : B ■tatatcctctaaaatctacccagtaaattttaaactactttctcctcccgaattcact 



^GCGGGCATGCTATATA 



35 



When these genes were expressed in E.coli using the pGEMEX system the expected chimeric proteins 
were produced. The RDT-G-A produced a protein of predicted molecular weight 44,576 Dallons (pi 7.2). 
RDT-G-G-A produced a slightly larger polypeptide predicted to be 53,955 Daltons with a predicted pi of 5.4. 

40 Crude bacterial lysates of cells expressing RDT-G-A or RDT-G-G-A were potent Inhibitors or eukaryotic 
protein synthesis in the rabbit reticulocyte assay described in Example 1 . Papain treatment of the lysates 
further increases activity. Analysis of the papain treated lysates indicates that the intact RDT domain is 
released from the ABR domains. 

Both RDT-G-A and RDT-G-G-A bind tightly to IgG Sepharose (Pharmacia LKB Biotechnology). Binding 

45 is stable at pH 5.0 Elution was accomplished with 0.5 M ammonium acetate pH 3.5 or by boiling the resin in 
SDS. 

Example 12: 

50 Seeds from the following species of Panicoideae were ground to a fine consistency in a mortar and 
pestle (after removal of the glume if necessary): Zea mays mays, Zm. mexicana, Zm. parviglumis, Z 
iuxurians, Z. mexicana, Z. mexicana, Tripsacum dactyioides, Coix lachryma-jobi, Sorghum bicolor. 

Soluble proteins wer extracted from matur dry seed by the following techniques. The proteins wer 
extracted for 2 hours with 50 mM sodium phosphate buffer. pH 7.5 containing 25 ug/ml leupeptin, 25 ug/ml 

55 antipain, 2 mM EDTA and 4 mM phenylmethane sulfonyl fluoride. Thr e milliliter xtraction buffer per gram 
seed tissue was used. After centrifugation to remove insoluble material, an aliquot of th extract was 
analyzed by sodium dodecyi sulfate-polyacrylamide gel electrophoresis using 17-27% gradient gels, then 
electroblotted onto PVDF paper (Millipore). The blot was probed using rabbit antisera against maize RIP a 
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and & fragments (1:2000 dilution ach) as primary antibody and goat anti-rabbit IgG antibody as secondary 
antibody, then developed with NBT/BCIP. 

Except the Coix extract, all the extracts tested showed cross-reactivity with the maiz RIP antisera. A 
prominent band at --34 kD was observed corresponding to proRIP. and bands at -16.5 and 8.5 kD were 
5 also observed, corresponding to o and fragments respectively. This indicates that RIP forms equivalent to 
maize proRIP and the activated a0 form are present in many members of the subfamily Panicoideae. 

Example 13: 

10 Total DNA from the following species was Isolated according to the procedures described by Saghai- 
Maroof et al.. PNAS, 81:8014-8018. 1984. The following species of Panicoideae were included: 3 
accessions of Zea mays ssp.; parvigiumis; Zea iuxurians; Zea mays ssp. mexicana: Coix tachryma-Jobn 
Sorghum bicolon and Zea mays ssp. mays var. B73. 

Generally, about 8 ug of the extracted DNA from each sample was digested to completion with 20 units 

75 of Hind III, Eco Rl and Sst I in 20 microliters of a reaction mixture containing the appropriate reaction buffer 
at 37*C for 2 hours. 

Next, the total extracted DNA from each sample was subjected to the Southern hybridization technique 
(see Southern (1975). J.Moi.Bioi, 98:503-517). The DNA fragments were fractionated on the basis of their 
size by means of electrophoresis on a 0.8% agarose gel. The double-stranded DNA fragments were 
20 modified into single-stranded DNA fragments in an alkali solution; and then a nylon filter was placed into 
close contact with the gel to transfer the modified DNA segments onto the filter in the presence of a high 
salt concentration solution. 

Hybridization was carried out using, as the probe, the cDNA clone of the RIP gene (; the probe 
fragment is provided from position 2 to 1075 in Table 1). The probe was radiolabeled with ^P and the 
25 signals in Southern transfers were visualized by autoradiography. 

The Southern blots were hybridized with the cDNA clone of the RIP gene. A single fragment with strong 
homology to the clone was observed for each enzyme/species combination except the Coix accession. The 
inbred line of maize has a single major band with two minor bands. The other species which, with the 
exception of Sorghum, are not inbred showed between 2 and 5 minor bands. The Coix had either 4 or 5 
30 such bands depending on the enzyme used. 

Although the invention has been described in considerable detail, with reference to certain preferred 
embodiments thereof, it will be understood that variations and modifications can be affected within the spirit 
and scope of the invention as described above and as defined in the appended claims. 

35 Claims 

1. A substantially pure protein, termed a proRIP, wherein the protein is incapable of substantially 
inactivating eukaryotic ribosomes, but which can be converted into a protein, termed an RIP, that is 
capable of substantially inactivating eukaryotic ribosomes, said proRIP having a removable, internal 

40 peptide linker sequence. 

2. The substantially pure protein of Claim 1 , wherein the protein is derived from a Panicoideae. 

3. The substantially pure protein of Claim 1, wherein the proRIP has a removable, internal peptide linker 
45 selectively inserted in the amino acid sequence of a protein capable of substantially inactivating 

eukaryotic ribosomes. termed an ajS RIP derived from the group consisting of Panicoideae RIP. barley 
RIP. ricin A-chain RIP, saporin RIP, abrin A-chain RIP, SLT-1 RIP, o-trichosanthin RIP, Luffin-A RIP, and 
Mirabilis antiviral protein RIP. 

50 4. The substantially pure protein of Claim 3, wherein the internal peptide linker has a sequence effectively 
homologous to the following amino acid sequence: 

MATLEEEEVKMQMQMPEAADL AAAA . 

55 

5, The substantially pure protein of Claim 3, wherein the maize proRIP, has an amino acid sequence 
effectively homologous to the following sequence: 
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KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 

GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKKMATLEEEEVKMOMOMPEAADLAAAAAADPQADTKSKLVK 

LVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRIS 

KAAFEWADHPTAVIPDMQKLGIKDKNEAARIVALVKNQTTAAAATAAS 

ADNDDDEA. 



6. A substantially pure protein, termed an RIP, having a and $ fragments and being capable of 
substantially inactivating eukaryotic ribosomes derived from a Panicoideae. 

7. The substantially pure protein of Claim 6, wherein the a fragment has an amino acid sequence 
effectively homologous to the following sequence: 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 

GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKK 

and the fragment has an amino acid sequence effectively homologous to the following sequence: 



DPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRI 
SKAAFEWADHPTAVIPDMQKLGIKDKNEAARIVAL 
VKNQTTAAAATAASADNDDDEA . 



8. A substantially pure protein having a and j3 fragments and being capable of substantially inactivating 
eukaryotic ritrasomes, termed an ajS RIP, wherein the aj3 RIP is derived from the group consisting of 
Panicoideae RIP, barley RIP, ricin A-chain RIP, saporin RIP, abrin A-chain RIP, SLT-1 RIP, and a- 
trichosanthin RIP, Luffin-A RIP, and Mirabilis antiviral protein RIP.. 



9. A fusion protein capable of substantially inactivating eukaryotic ribosomes, said protein having an 
amino acid sequence effectively homologous to the following sequence: 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 

GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKKDPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHG 

VTLTVTQGKQVQKWDRISKAAFEWADHPTAVIPDMQKLGIKDKN 

EAARI VALVKNQTTAAAATAASADNDDDEA . 



10. A conjugate comprising a targeting vehicle and a protein, termed a proRIP, wherein the proRIP has a 
removable, internal peptide linker sequence and is incapable of substantially inactivating eukaryotic 
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ribosomes, but which upon removal of the linker can be converted into a protein having a and 0 
fragments, termed an RIP, that Is capable of substantially inactivating ukaryotic ribosomes. 

11. The conjugate of Claim 10 wherein the protein is derived from the group consisting of a Panicoideae 
RIP. barley RIP, ricin A-chain RIP, saporin RIP. abrin A-chain RIP. SLT-1 RIP, and a-trichosanthin RIP, 
Luffin-A RIP, and Mirabilis antiviral protein RIP. 

12. A conjugate comprising a targeting vehicle and a protein, termed an RIP, that is capable of 
substantially inactivating eukaryotic ribosomes and that contains a and 0 fragments. 

13. A conjugate comprising a targeting vehicle and a protein derived from maize, termed a proRIP, wherein 
the proRIP has a removable, internal peptide tinker sequence and is incapable of substantially 
inactivating eukaryotic ribosomes. but which upon removal of the linker can be converted into a protein 
having a and 0 fragments, termed an RIP, that is capable of substantially inactivating eukaryotic 
ribosomes, said a fragment having an amino acid sequence effectively homologous to the following 
sequence: 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 

GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKK 

and the 0 fragment having an amino acid sequence effectively homologous to the following sequence: 

DPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHGVTLTVTQGKQVQKWDRI 

SKAAFEWADHPTAVIPDMQKLGIKDKNEAARIVAL 

VKMQTTAAAATAASADNDDDEA. 



14. A conjugate comprising a targeting vehicle and a fusion protein capable of substantially inactivating 
eukaryotic ribosomes, said protein having an amino acid sequence effectively homologous to the 
following sequence: 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 
FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 
GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 
AVNDLAKKKKDPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHG 

VTLTVTQGKQVQKWDRISKAAFEWADHPTAVIPDMQKLGIKDKN 
EAARI VALVKNQTTAAAATAASADNDDDEA . 

15. The conjugate of any one of Claims 10 to 15, wherein the targeting vehicle is selected from the group 
consisting of hormones, antibodies, antibody binding proteins, growth factors and lectins, or fragments 
thereof. 

16. A method for converting a proRIP into an RIP, said method comprising th following steps: 

a) providing a homogeneous protein derived from the group consisting of consisting of a Pan- 
icoideae RIP, barley RIP. ricin A-chain RIP, saporin RIP. abrin A-chain RIP. SLT-1 RIP, and a- 
trichosanthin RIP, Luffin-A RIP, and Mirabilis antiviral protein RIP, termed a proRIP, wherein the 
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proRIP has a r movable, internal peptide linker sequence and is incapabi of substantially inac- 
tivating eukaryotic ribosomes, but which upon r moval of the linker can b converted into a protein 
having a and ^ fragments, t rmed an RIP, that Is capable of substantially inactivating eukaryotic 
ribosomes; and 

5 b) contacting the proRIP with a cleaving agent capable of deleting the linker to form a protein having 

a and 0 fragments, termed an RIP, that is capable of substantially inactivating eukaryotic ribosomes. 

17. A DNA isolate capable of encoding a protein, termed a proRIP, wherein the proRIP has a removable, 
internal peptide linker sequence and is incapable of substantially inactivating eukaryotic ritX)Somes. but 

70 which upon removal of the linker can be converted into a protein having a and 0 fragments, termed an 
RIP. that is capable of substantially inactivating eukaryotic ribosomes. 

18. The DNA isolate of Claim 17, wherein the DNA isolate encodes a protein derived from the group 
consisting of consisting of Panicoideae RIP. barley RIP, ricin A-chain RIP. saporin RIP, abrin A-chain 

75 RIP. SLT-1 RIP, and a-trichosanthin RIP, Luffin-A RIP, and Mirabilis antiviral protein RIP. 

19. The DNA isolate of Claim 17, wherein the DNA isolate encodes the maize proRIP of Claim 5. 

20. A DNA isolate encoding a fused protein capable of substantially inactivating eukaryotic ribosomes, said 
20 protein having an amino acid sequence effectively homologous to the following sequence: 

KRIVPKFTEIFPVEDANYPYSAFIASVRKDVIKHCTDHKGIFQPVLPPEKKVPELW 

FYTELKTRTSSITLAIRMDNLYLVGFRTPGGVWWEFGKD 
25 GDTHLLGDNPRWLGFGGRYQDLIGNKGLETVTMGRAEMTR 

AVNDLAKKKKDPQADTKSKLVKLVVMVCEGLRFNTVSRTVDAGFNSQHG 

VTLTVTQGKQVQKWDRISKAAFEWADHPTAVIPDMQKLGIKDKN 
3^ EAARIVALVKNQTTAAAATAASADNDDDEA. 

21. A DNA isolate encoding an RIP having at least one sites engineered therein, whereby the DNA isolate 
may be cleaved by restriction enzymes to permit insertion of a DNA sequence encoding a linker. 

35 

22. A biologically functional expression vehicle containing a DNA isolate of any one of Claims 17 to 21. 

23. A host cell transformed with a biologically functional expression vehicle of Claim 22. 
40 24. The transformed host cell of Claim 23, wherein the host cell is a eukaryotic cell. 

25. The host cell of Claim 24, wherein the host cell is maize. 

26. A method of creating a protein incapable of substantially inactivating eukaryotic ribosomes, termed a 
45 proRIP. said method comprising the steps of 

(a) providing a first DNA sequence encoding an RIP having at least one sites engineered therein, 

(b) cleaving the first DNA sequence with a restriction enzyme to form first DNA subsequences. 

(c) proving a second DNA isolate encoding a polypeptide of desired length and amino acid residues 
and having ends ligatable with the cleaved ends of the first DNA subsequences, 

50 (d) ligating the first DNA subsequences and the and second DNA to form a third DNA sequence 

capable of expressing a proRIP. 
(e) expressing the proRIP. 
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